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ENGINEERING COMMISSION o

AL

R TR e A Pasadenu, Calif., July 5,1923. -
Hon. Geo. W. P, Hunt, s el
~Governor of Arizona, ‘ :

2 (Through:State Water Comnusswncr, Vernon V‘Lughn),

Phoemx, Arizona.

‘

,,,‘5‘pulpose of - detormining ‘the>amount of -land -in ~Arizona that ‘may" be

feasibly. irrigated with the wntels of the Colorado River, submlts here-" e
: leth 1ts rcpoxt S L

E C. LaRuc lns mscxtcd oondusxons and rccommcndatlons regard-

guard,”if ‘possible, ‘Arizona’s interests in the: waters of ‘the Colorado
Rlver In all othel mattels the: Commission 15 in full agreement;

Respectfully subnntted

SR K L O LahUD (Ohauman)
BT : ) : IIydmuh(, Lngmeer,
P ciiet UL 80 Geological Sulvey,
Pas dena, Calif, " -

I’OI»TL R.J. PRDSTON

,Plo,]ect Marmger,
U, 8. Reelamation Sewie,
Yuma, Ar170na.

"Il B TURNER,
' Irrigation: Engmeer with

- Arizona State Water, Commwsmner,
Ploenix, Anzona

The AI‘lZ()Il‘L Engmcermg Oommlsswn, whlch was creuted for “the.

1ng the adoquacy of tho water supply and the need:for action to safer: . :
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/ , ‘ . "FTOREWORD SR e

_In this report will be found a brief description. of cach projeet:in- :

- vestigated, a suggested plan of development; the location and extent of -

areas-that may be irrigated, with conelusions. and recommendations: re-

garding. the “fedsibility. of the.projects and ‘the need for. further inves- -

tigations. These data are supported by more detailed information given

in the Appendices. The reader who wishes to study the report in detail

> should look:up all references. The pictures* will be found in a separate” -
. album, designated Appendix B. - 8 L e

w0 (*) | (Pictures ‘referred to. in this report, both in the text and om

certain of the maps, have been omitted from this publication as’a matter
“of economy,) e e R I PRI

5.




ENGINEERING COMMISSION . 1

_ INTRODUCTION

Purpose of Report i f i i s S L
- 'The purpose of this report is to show how much land in the State
of Arizona can be irrigated with the waters'of the Colorado River,” " "
<. The ‘Arizona’ Engineering. Commission: wishes. the reader to keep in“ =
mind that this is a'reconnaissance report. -The sum of $18,000 was made
available to the Commission; while a report to determine 'definitely;the
feasibility:of the. projects. under eonsideration ‘would: require 'a topo-
graphical survey covering a:large region, which survey alone would cost
trom- $250,000 to, $300,000.. The:Commission made such:surveys as were
deemed - necessary .to. determine’ whether [or not the respective projects
have suffieient merit to justify a further expendifure. of .money on de-
tailed surveys and reports. B N COF I R !

2 e T RV
P FERERT NN Pl ¢

Authority """",“iﬂ'\lﬁ,“r‘ ' . i N E v
The" Arizona Engineering Commission was created by State . Water’
Commissioner, W. 8, Norviel, For - authority of State. Water Commiis-’
sioner, see ‘Session Laws of “Arizona, 1922," (Speeial Session),” Chapter
42, Seetion 43, 1 U R A
Personnel of Commission: \ ; it b Dl
"The personnel”of the Commission, which ' was ‘organized Augiist 15.-
- 1922, isas’ follows: i it iR i
' <t EoC. LaRUE (Chairman), - .
i Hydraulic. Engineer; .5 . o
«U.: 8. Geologieal Survey,: .~ =
o ‘ - Pasadena, Calif., i+ o &
. ‘PORTER J. PRESTON,
S0t Y Projeet. Manager, ©t v oo 10
< WU, 8. Reclamation Service,. - Sans

¢ e Yumay Arizonass , ‘ e
L . Irrigation Engineer: with. . ..., v B

« Arizona’ State; Water Commissioner, = "

.- Phoenix; Arizona.: . Do Sy

“Acknowledgments O DR NT I LIS DT ST S T Pt e S
The ‘plan’ to .irrigate: several million ‘acresiof land in:'Arizona by
diverting . the Colorado ‘River. at:or.near:Boulder: Canyon was first pre- . -
*sented :hy R. M. Stene, in September, 1920.;. (See, Arizona: Republican,
~issue.of: Septémber 26, 1920). /At a later:date.a study was made’ of -
this :project. by Robert.H. ‘Williams ‘of ‘Phoenix, _George H, Maxwell,
-Executive Director of-the, National Reclamation -Association las'taken .
- thelead in the work. of informing the people of Arizona regarding the
possibility for development -on: the Lower. Colorado. P, R, Helm of -
: Phoenix, speaking - in" behalf 'of a number- of ‘business men,: has’in- .,
., forned the .Commission as to thei character. of the investigation desired. ‘

. Various plansthave been. suggested for bringing the waters of the .
~Colorado: to, lands iiniArizona. = Every' stggestion presented has been
‘investigated: by the‘Arizona: Engincering Commission.. The Commission .
wishes : to : express. its. appreeiation of the . assistance  rendered by the .
above named gentlemen. .. . ETRE R R T ENE R o RS

CAL




~at-Cocopah point.

Office Work i

18 RO r ARONA

The Commission is indebted to ‘Prof. G. B P. Smith of the Uni--
versity of - Arizona, who offercd  suggestions regarding. as plan: to.re;
claim low lands lying on the north and south side of the Gila River by
nieans of:a dam and pumping plant to belocated on the Colorado’ River

f

én'is'indebted’ 'tbv ‘B Ross ‘Houscholder ‘and-L. H! Fos-

; 6.

“The Commissi

“ter of Kingman, who ‘assisted. thie Commission’in’planning’its‘ work:in

Mohave’ County. “The officers of ‘the Gila Water Company ‘assisted-the

Comimission’ by furnisling niaps’ of “its ‘projéets and ‘definite *information

rogarding’ the foundation and’ physical conditions at the Gillespie * dam. «

"7 'In the desert region southwest of 'Ajo‘there are no settlements-what-.
ever and*but” féw' places where: water "can ' be“obtained.” " The Commis:

sion’ wishes to~express its ‘appreeiation for the” assistance revdered by

Mr. T. Hicklin, superintendent of the Tucson,” Cornelia“& Gila “Beénd

Railroad, in planning the desert work near the Mexican boundary.,..

CFfeld Work' e

and completed in ‘May, 1923.. The first: work undertaken.was .that of
running o line from Castle Dome plain east and on the north side of
Gila River to determine ‘how muech land could:be;iprigated under. the
600 ;foot  contour, . .. - 1 L : ;

‘,‘;'Aetuul,fi'e']d‘»‘wdrk was béguix“by‘l‘tlnc‘ CBlll}lli:ésiOil'.in "'Se'p‘t‘enlber,5192\2‘, -

et g BRERRE R Lt i AT i 0
All pessible dam sites and irrigable land adjacent to the river:on
the. Arizona side, betwcen the mouth of the Virgin River and Yuma,
‘were investigated during the period October 20:November 18, 1322.. Two
wotor -boats were used,:the Commission: being assisted by three ‘addi-
tional men. Surveys :were made.when: deemed necessary. - SRR
The. second part of the.investigation consisted of the work of. de-

termining an - approximate-location for a high line canal and-the loca-

" fion and extent of lands which might be irrigated. . A further study, in-
“the . field, . was made of the:plan to-divert the water at-a dam on the

Colorado -River: above Parker, the! gravity canal to lead to Lighthouse
Rock where the water would be pumped 200 feot to reclaim lands north i
and south ‘of Gila River. .~ 00 R TEEE DS : o

In carrying on this work, the Commission was assisted by four to
eight additional nien. * Thesc investigations were eompleted during the
first week ‘in May; 1923.” Briefly ‘stated, the investigation consisted of
making sufficient surveyd“to ‘detorniine. with fair accuraey, the posi-
tion of possible high or low litie canals. ~About 200 miles of -line: wore
vun-in the vieinity of the Williams River, where topography ‘was taken

"at two 'possible:dam sites in:tho cdnyon of:the ‘Williams River,-and the

flowage: ling" of ' the Williams ! River reg voirsite lwas surveyed. o
O Below' the  Williams' River, survéydfisvere made- o deteiming*the
area’of land. which could“be’irrigated”in-Bouse and’ Quartzsite ‘valleys,
the Céntennial Validy aiid large areas north and soutlyof the Gila River,
below - the Gillespie” dam: ¢ In iall " moré *than 1,000 imiles’ of ‘line were
surveyed. v S S BRI T LE RS P S SRR SRR TR R SR

v St S CLITT TSP

i Tl IR T PR A T e ST . S '
e rhesoffice work, - which was completed in about:two' months;: re-
quiréd the services of from four to seven engineers, The greater part
L of' this time was spent in plotting ‘the surveys, measuring the areas of
irrigable. land,’designing. stiuetures, computing yardage ‘of “earth “and
rock tliroughout the entire system ‘and ‘estimating the cost’ of’the pro-
,jcéts.' e R L B e T S A .4 ,‘ o
Sonderegger and Hineks, consulting enginceérs, Los Angeles, ‘assisted




by N. Bostwick, designing engincer, prepared- the designs for all struc-
tures, - ineluding ‘dams, siphous, wasteways, tunnel and-canal sections.
This firm also assistod with the ivork of estimating the cost.of the irri-
- gation system, Yo :

‘ PROJECTS INVESTIGATED
:General - Statement PR P e e } :

o 7o It should be kept in mind ‘that the investigations made by the Ari-
zona . Engineering. Commission covered only. the" Arizona - side - of - the

111issionu/1£[de only such surveys ag were deemed necessary to show with

‘number of ‘projects will be given,: togethoer with recommendations as. to
...« whether or not these projects have sufficient merit to justify-the further
.- expenditure of money on detailed surveys., D TN e R

P

Cotto‘r‘xwood Valley,

. about. 30 miles long; the central .part of 'which is known as’ Cottonwood
- Valley..  This 'valley is located approximately 50 miles north of. Needles
" and 30 miles north-of Mohave. Eldorado Terry, Davis Mountains, Round
i, Island ‘and Eagle Rock. are ‘located in the basin. of Cottonwood - Valley.

See pictures 26, 27, 28,"29, 30, 31,-32 and 83, - -+ L R )

- On the “Arizona side of the river opposite Eldorado Canyon, there
is a small tract comprising about 300 acres of irrigable land; whieh, could

20 to 30 feet:

could be reclaimed with'a pump 1ift of about 30 feet.:

“another small tract, comprising about 200 acres of irrigable land,-which

- Continuing down'the river there are no irrigable lands on the “Ari:

Eagle Rock Canyon.. Eagle Roek Canyon is located at the head of Cot-
tonwood Valley proper.  In Eagle Rock Canyon, conditions appear.-to be
favorable for a’ diversion dam site.’ (Picture 32).+ Sufficient surveys
' were made to’ determine” the cross. section:. at 'tho .dam .site. . (See

CMgure 1))

" Eagle: Roek Canyon aré’ found to be unfavorable for a-diversion dam, it

may be advisable to determine the character.of the foundation at-TLagle

Rock by diamond drill borings,  If a diversion; damh, were built at Eagle

" Rock, about 5,000 aeres of land counld.be irrigated on the Arizona side

in. Cottonwood  Valley. .. The main.body of land, however, would belo-

o cated in Mohave Valley below Pyramid Canyon. . This possible. develop-
ment will be referred to later. . :

(Picture 33), about 200 acrés of bottom land are now Deing irrigated.

By installing’ a' pumping plant near the Lead of the valley .to raise.the
“water about 40 feet, approximately: 3,000 ‘acres could be irrigatedin’ this

bordered on the cast by, a detrital wash plain, (Pictures 38, 34). ‘At tho
by-lifting the water 80 feot. Tli¢" temainder of the detrital waslh plain

suitable for agricultural purposes.

ENGINEERING COMMI SSION ' 13-

Colorado River. - This being a ‘reconnaissance investigation, -the Com- "

YL fair accuracy "the possibilities ‘for-development, Thexdescription of a:

“Between Blaek Canyon and Pyramid,Canyon; there is an’ open -basin:

be reelaimed by pumping. Tt would ‘be neeessary:to lift the water from .

Three miles below. Eldorado Catiyon on tlhe Arizona . side, thére is . -
B ) 8

zona side until we pass Round Island and the short streteh known. as
If the conditions at Bulls Tead Rock, (Ploture 42), 22 miles below

,""‘Co"ﬁéidéring Cottonwood Valley proper, below Eagle Rock Canyon,

“valley on'the Arizona side. - The bottom lands inCottonwood -Valley are"

- head: of the valley, possibly 1,000 acres could be irrigated on the mesa

" bordering Cottonwood Valley is" cut by many washes and is deemed un- -
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SUMMARY OF IRRIGABLE LANDS
IN COTTONWOOD VALLEY, ARIZ.

Trrigable Irrigable
by Gravity by
: ) ~'System Pumping .
0 Unit . Lift Area
‘ o : : RS i ‘acres L ff. Acres
Opposite. Eldorado Canyon R 0 20-30 300
-8 miles below ‘Eldorado Canyon - iiiuoiccsicess .0 30 o..0200
. Cottonwood' Valley below) 0 40... .. 3000
Eagle Rock Yol . 80.: 1000

TOTALS oot oo ieiriseririmiseges 0 7= 70 4500

, " MOHAVE VALLEY - , ,
The Mohave Valley is a large basin extending from Bulls Head Rock

in the “Pyramid. Canyon to the. Needles Peaks, a distance of about. 35
miles. * The: center of the basin'is occupied by a broad flood plain, hav:

ihg an area of more. than 50,000 acres.. This ig-bordered .on both. sides S

by terraced gravel bluffs, from which ‘long graded-alluvial. slopes : ex-
_tend to the bordering mountains, joining the slopes at”altitudes of -2500-
“to 3000 feet, (See Figure 2).: o i

" Bulls Head Unit

Beginning about one mile below Bulls Head Roek there is a. narrow
strip of land on the Arizona side of the river, about three and one-half
- miles long. -:About 500 acres:could be irrigated. with a-pump life of ap-
proximately 25 feet. TFor convenicnce we have dalled this Bulls Head

" unit.

' Hardyville Unit : , :
' Immediately north of Fort Mohave at Hardyville, (Picture 43) there.
. is'a tract of land comprising 2,300 .acres, which could be irrigated by a
-pump lift ranging from 20 feet to 80 feot, (See Figure 2). L

Fort Mohave Mesa ... - T PR ST
The Tort Mohave Mesa begins at the Fort Mohave Indian Schoel
-and extends in a southeasterly direction for a distance ofiabout 6 miles,
(Picture 44), The mesa’comprises an area of about 6,300 acres, which
arc. elassed as irrigable. ~Approximately one-half of this area could be:
reelaimed by lifting the wator 60 fect. To reclaim the remainder of the
tract would require o maximum pump lift'of about 150 feet.” The loca-
tion of. the Fort Mohave Mesa is.shown. on Figure 2. LT :

The main Mohave Valley comprising the bottom lands, extends from

Fort Mohave on the morth to Topock ‘on the south,. a distance of about
: 95 miles,  with a maximum-width of about 5 miles. Several - attempts

havo been made to reclaim these’ bottom lands. Perhaps the most ex- "

tensive irrigation works were eonstrueted in"1910 by the Cotton Land
Company. It is said that more than $350,000 was spent by this Company
in building levees and constructing canals. These levees ‘were later de-
stroyed.” -Some money was spent by thé United States Indian Service to
~“reclaim ‘a_small area of bottom land near the. Tort  Mohave Indian
:"School. - The irrigation works have been ‘abandoned and at the present
~“-time (1923) practically no lands are being irrigated in the Mohave Val-.
“ley. Tor -a -detailed = description “of “the ~Fort Mohave Indian
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gation: of : Arid " Lands, House ‘of ‘Representatives,: Slxty-Seventh 0011-
gress;: Scond Session on -H. R. 11449 by Mr.: Swing, " o

V‘nrxgated by -gravity, provided substantial® diversion - works can’ be con-
structed in the Colorado River near Fort Mohave Duringiunusual high

water," these ‘lands are: ‘subject to - overflow. s It: would, therefore, be -
necessary to-construct a system'of levees.to'protect the 1rr1<rat10n works. ;<
When the floods of the Colorado:River are prevented by the construe- -

tion of flood control works above, it will no_doubt be feasible to- reclaim
the bottom lands in Mohave Valley. - The area of bottom lands, which
] may\thus be reclalmed is about’ 24, 000 acres i, : 3

SUM:MARY OP IRRIGABLE LANDS IN MOHAVE VALLEY

ARIZONA L
v Irrlgable ;Irngable by

) o thy it Pumpmg

R e _ : Grav1ty ERE —

Uit b o f 0 e Systom CoseLafye o Area
S R T B T TR caeres i feet. s v aeres.
Bulls: Head Unit i isvoan i v, Qi < 25 G i 500
Hardyville: Unit - - B PRI ANE S ::20-780.74:7.02,300-

“Fort  Mohave:Mesa .o o il i i 0000011602150 6,300 ’
Mohave Valley bottoms et e e Q000 e e s 130
CTOTALS o teaeeo 9,100

The land in the abovo ‘table; together with 5000 acres:in Cotton-
wood Valley, making 38,000 acres in all, could be 1rr1ga,ted by grav1ty
it a diversion dam to raise ‘the water 100 feet were constructed in Eagle

" Roel Canyon,’ The main canal from: Eagle Rock. to TFort Mohave mesa..
~would be: about 40 miles long. . On’ account of .the rough topography ‘on’

the Arizona side bordering . Pyramld Canyon, . possibly; 15 miles  of the

main -eanal would be in tunnel .The ;balance of ‘the maln canal would
pass through a detntal plaln cut by Washes Such a eanal would be
“rather expensive, ', It is. not likely that this plan of development to re--

claim. 38,000 acres. would  be feasible unless.a cons1derab1e amount of
power could ‘be' doveloped at -the, dlversmn dam ... The progect 1s men-
tioned.here only as a poss1b111ty :

,,j;,

Blankenshlp Valley i e e e
E At the lower end of Moh’xvo Oanyon (Plcture 49 oO) 8 mlles below
Topock, (Picture 46) ‘there,is a small:basin on; the Arlzona side ‘'of the

-river.known: as.Blankenship Valley.: The head of tle valley, is marked
by a'large rock;on.the:left bank: of the river, 80.or 90 fect: in height, .

* (Picture 52).. Due to: the many washes, the lands ‘in. Blankenshlp Valley
-are not: first class, However -at' some future time it may be: feasible to
- reclaim ‘possibly 800, acres in, this valley by, the, 1nstallat10n of ‘a’ pump-
ing plant at Mohave Roek | to ralse the water 50 feot see Figure 3

Chemehuews Valley

[

Immedlately below Blankenshlp Valley‘ there is o comparat1ve1y3 )

large bagin on both, sldes of the river known as, the Chemehuews Valley.

Lying on:both sides of, ‘the ‘river near, ‘the ‘lower, end of ‘this Valley are’ .
“several thousand, acres of:land,’ Whlch may, be. reclainied’ by -irrigation,”
(Pictures 55, 56, 58, 59, 60).. Neal the head of, Chemehuevis Valley the-
elevation of thc water surface of the Colorado R1ver at 10W water is;

Figure 2 shows:the bottom: lands of Mohave Valley, whlch may be‘

" Reservation, see’ Appendlx A, Hearmgs Before the Commlttee on: Irri-
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412 feet above sea-level. This point:is 5 miles by ri\}er_below.f Mohave

" Rock.:' 1A pumping: plant ‘located near. this :point- to ‘raise the’ water .to

elevation 450 to 475.feetabove:sea-level, would make-possible -the;irri-

“gation ‘of 4,400 acres’of land-on .the Arizona side of the river.. Of this

area about 3,000 -acres.arebottom lands and 1,400 acres meésa land, all
first elass.: (See: Figure )., o et i vn i sll v s e ISR
.+ Below.Chiemchuevis Valley-for. a distance of 25 miles, the:Colorado
River passes.through the Whipple. Mountains,. ‘The mountains extend. to

“the river on both sides until the Parker Valley isireached,

- ?arkér Valley

All of Parker Valley is embraced -within the boundary of the Cole-
rado River Indian Reservation. A definite plan for the irrigation of ‘a
net aren 0f:104,000 acres of hottom lands on the Parker Indian. Reserva-
tion has Dbeen worked out by. the Depiartment of Interior, U. S. Indian

Trrigation: Service. - A.complete: report on'-this projeet is published inee i
“Appendix . A, Hearings Before the Committee on Irrigation of Arid

Lands, House of Representatives, Sixty-Seventh Congress, Stcond Ses-

+"sion, Hearings ron IL 'R. 11449 by Mr., Swing. * As of date 1920, the

Chief” Engineer of the U, 8. Indian Irrigation Service has estimated
that;a complete gravity irrigation system to supply.water to a net.area

" of 104,000 acres, including a- permanent -concrete diversion dam’aeross

thie Colorade River could be built for $7,234,600.00 or at-a cost per-acre
of $69.50, “In-addition to this area, which may be reclaimed.-by a grav-
ity system, a tract comprising about.6,000 acres on the Parker mesa may
be irrigated by pumping. "It would be necessary to lift the water about -
150 feet. : (See Plates I'and-1I, in Pocket). R s
Cibola Valley =~ - ol : S
- Cibola Valley is situated on’the Arizona side of the river in Yuma
County.. It is about 20 milcs south’ of the lower end of the Parker Val-

-

ley and is across the river from the lower part of Palo Verde Valley. «

In 1913, the land owners in' Cibola Valley formed an irrigation dis-

Ctiiet; A complete irrigation”and leveo system was laid out and bonds

wore voted for its econstrdetion.” At the present time '(1923) practically
no lands Lhave been reelaimed in'the valley. "~ = - : e

" “When the floods of the Colorado River have been placed under con-
trol by the construction of storage works above, it will then be’ praecti-
cuble to-irrigate about 16,000 acres’in’ Cibola Valley.  In the past this.

*'valley has been subjeet to overflow, but with the river under ‘control; no

doubt :the valley could he protected-at. reasonable expense by -the con-
struction of a permanent levee system. (See Plates I'and IT in"Pocket).
Miscellaneous Projects’ T S

" A careful examination was made of the Arizona side of the river
between the niouth of the Virgin River and Eldorado Ferry. Through-

" out.this distance, mountains or bluffs rise from the river’s edge.. In
© this section there are'no irrigable lands on:the Arizona side./(Pictures'l,

2,3, 4,5, 6, 7,8, 9, 10,12, 13, 14, 15, 16, 17,"18). Betwecen Eldorado
Terry and the lower end of Cibola: Valley, all irrigable‘lands including

isolated tracts 6£.200 acres or more have been referred.to in-the preced-

ing pages. RRS . ‘ : R T
" Befween Cibola Valley and Laguna.dam. there are a. number ‘of
small tracts “of bottom land ‘on  the. Arizona side, which may" be re-

“elaimed by low pump lifts, probably less than 20" feet. “An cstimate: of

the area-of ‘theso tracts of bottom land is‘based on a map prepared by
‘the U. S. Reclamation Serviee in-June, '1912." The’ aggregate arca of-

“pottom land on the Arizona side of the river, classed as irrigable ‘be-
“tween’ Cibola Valley and Laguna dam is 3,400 acres. R AR
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SUMM'ARY OF: NET" IRRIGABLE AREAS :IN ARIZONA BELOW
- BOULDER CANYON .

*(Low lands adJacent to the rlver),

s Irrlgable Areas

o Unit' ' ;fi" R GraVIty Pumpmg Total‘
NG PN et RS Acres i Acres gk Aeres -
0ppos1te Eldorado Canyon SRR “0; 300»’*» Tl 300
8 miles below Eldorado’ Canyon ! VUL Qi e 200 b e 1200

. Cottonwood - Valley ™ * ’ 0 4,000 4,000
\Iohave Valley - B AT BT
“Bulls"Head ~Unit PN 0’ L 500 s S 500
Hardyvﬂle Unit'; LA e s 07 72,8000 12,300
" TFt. Mohave, mesa "f ey mL st g 16,300 e v 6,300
‘Mohave' Valley Bottoms AT 24 000 T i e gl 24 000
Blankenshlp Valley e T 0t 800 800

“ Chemehuevis Valley SrT ped g e 4,400 4400
Parker Valley 70 0 wfh 2lorii s 1040007 St 6 000 v 110,000 :
Cibola Valley . P 0 16 000 216,000

" Miscellancous’ traets between !/t i 0 } EAERRR

_ Cibola’ Valley and Laguna D‘nn N R (TR 3400' v et 3,400
Yuma prOJect e Bl 54,0000 7 61 ,000 - 115,000
TOTALS"*’ Ol e T 182 000 : 100 200@ ,1(1‘287,200

" PARKER: GILA VALLEY PROJECT i

There is a scctlon on the Colorado vaer about L7 of a mlle above
the ‘Colorado” River: Indian-Reservation where ‘tho. conditions appear to
“be favorable for the construction’of:a combination diversion and power
~dam!""See’ Plate IIL,in poeket.” (Pictures 66, 67,"68)." " The elevation~of
*the .water’ surface” at the dam'site- during low water is 358" feet above
sea level. For the’ pulposes of ‘this report, we have. assumed that'a.dam
‘ean’ be built ‘to’raise. the' water toielevation 45G7. - Starting from the
dam-at elevation 440, eanals could be constructed on both the California
‘and” Arizona side, of ‘the ‘river,. A considerable .aereage could be . re-
‘elaimed in this manner. With a’ pump lift: not ‘to .exceed’ 200 'feet, more
;than’ 700,000 acres could be’ irrigated on’ the Arizona side, and 310 000
,acres on. the Cahfornla side. '(Sec Plate IT in’ Pocket)

““The plan of developmcnt wou]d be as' follows:
[T B

, Arizona Lands - .

On the ‘Arizona side the main canal leadlng from dlverswn dam‘ to
“a’ pomt about’ two" miles south’ 6f: Parker, would" ‘earry sufficient water
‘to irrigateabout- 752,000 aeres, waterfor | about 12,000+ acres*on’ tho-
‘niesa east of"Parker: havmg ‘been supphed At a pomt on' the~ mesa
about’ two miles south of Parker, sufficient water to irrigate a ‘net area
-of about':104,000:"acres” of ‘bottom’ land:would 'be dropped’ utilizing: a
‘head of:80 foet for: power purposes.: “From- this power ‘plant south fo -
*Cibola Valley, the/mainé¢anal ‘would : carry: sufficient! waterito irrigate
648,000 ‘aeres.iiAt - Cibola’: Valley, ! water  for the' irrigation ; of 16,000
“aeresiof bottom land: could'be droppad, ut1hz1ng a‘head’of about. 150 foet
“for power ‘purposes. “From Cibola:Valley to!a point 6 miles northeast .of
LighthouseRock,-the ‘main+eanal ‘would-have a capaelty sufficientto
serve”632,000.acres. - "At.Lighthouse Rock,  (Pictures: 76;. 77,78, 79,-80)
“the water would ! be: lifted 200 :feet, or-to: elovation: 600" feet above sea-
level.” The pumped water wounld he- cdrrled through Lighthouse Rock
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tunnel; about 16 miles: long, tola pomt dn: thegvalley mlles north ‘of
Castle Dome Landing. See:Profile’ Pigure 4
.~ Three plans for irrigating lands on, the: north ahd south side of the’
Gila River were congidored. - Under the first. plan studied, the water .
~W‘01ﬂ(1 be earrled on the north side of Gila River to Sentmel dam site,
where: by means, ofia siphon, the water would be carried to;the south
side.to a canal leadlng as far west as the Gila Mountains, Under this.
plan about 468,000 acres ecould be irrigated, -Sce plates’I and I ol

- Under another plan, the water for lands on;the south. side of, the
Glla ‘River would -be carried to a point near; Mohawk, by, means ofa’ 12
mile: spilion.  From Mohawk the. water .would be ea,rrled both east and. :
WCSt to reach the lands on the south side of the river. ...

The third.,plan, and the one which may be .the best,; prov1des for
1he ‘construetion of a siphon, elossmg the “Gila- River, at Doms, , The
lands on the north side of, the. river would be 1rr1gated froma ‘canal
“which would ;end near Sentinel dam site. At Dome, suffmlent water
would-be earrled_ across the Gila to reclaim 430 000 ‘acres;on.the, south .

" side.of the river,: This plan inecludes. the 1rr1gat1on 0£,100,000 acres on.

.. the [Yuma mesa: and 330,000, acres on the south side of the, Gﬂa between o

: ])ome and Sentinel-dam s1te
“Only meager data are available, It was, theérefore, not possnble to
_ go into much; detail in -attempting to .estimate the cost of:. Jirrigating
- lands in the Gila;Valley under:the three plans of development . The
third  plan’ mentioned; which' prov1des for'a-siplion-at Dome, appears”to
be'the best. This: plan of {development will be eonmdered m‘ estimating
“the cost of the Parker-Gila Valley project.
The following. table.shows:the:amount, of, land on. the Arizona side
ol’ the 11ve1 that may be urwatcd under the Parker Glla. Valley pro;eet =

; NET IRRIGABLE AREAS UNDER PARKER GILA VALLEY il
s ‘ «PROJEGT ARIZONA SIDE: eSS RN DI

yreroLrant

y ) Irngable Areas
Grav1ty Pumpmd £
¢ Aeres Aeres

Total
. Acres

12,000

‘Cibola’ Valley . ’
Lands north' of Gila’ RIVGI St o
Lands south of Gila River ' o 0 430 ,000° .7 7 430,000 ..

_TOTALS e 124,0\00‘*' 640,000 764,000

Cahforma, Lands\ et . : ;
.:The Commlssmn dld not mvest1gate in. the fleld the possﬂolhtles

e for development:by irrigation:on.the California: side. However a.study
- of ;available, reports,indieates, that a,canal onthe California side would:
;reach.the Palo;Verde mesa at elevatlon 420.foot above sea Jevel, i It. 1s,‘
wtherefme, apparent that'a part of the ‘Palo’ Verde mesa, could; be. irri-
wated by gravity. and the remainder, of; these lands and all lands ineluded
iin- the Chuecawalla  Valley. projecti-could ibe :irrigated iwith. a’ maximum
{pump lift not ‘exceeding 130 feet. 1t i¢ known that some lands between

~sthe ploposed ;Parkerdiversion dam and; the iBlythe:intake: could be irri-

tgated...: We ‘have .estimated. that{ a totalof 50,000 .acres icould be irri-
-gated: from’ the main canalon; the California; s1de ‘above’ the :Blythe iin-
"/fake.; The data; ngen ‘in the, following. table show in a general way - the
fpos;s1b1ht1es forirrigation. development on:the. California, side, p10v1d1ng
T d1vers1on dam should be. bullt at:the: Parker dam. site. s i iyl
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 PARKER-GILA VALLEY PROJECT . ..
LANDS IRRIGABLE ON CALIFORNIA SIDE

D0 Area Trrigable S
“Gravity - Pumping(1) . . Total
Vi ATeslluny v r AeTes st iy

Between (Diversion.dam and Blythe ;¢
vt Intake ] . .
“Palo:Verde: Valley- .04 00 79,000 il
:Palo wVerde Mesa N 20,000 ',25,000,

-Chuecawalla Valley g PR 0. ‘ 136,0‘00

03

f

161,000

. TOTALS. ..

(1) Maximum pump lift; 130 ‘£oot

. Tt, therefore, seems that a.canal leading from the Pa?l{éii:,aiyéféién
. dam’ could 'be made  to ‘serve, ‘about 310,000 “acres ‘on the California side
.and’,764,000 ‘acrés on ' the Arizona:side, making”a’ total 'area’under’the

. Project’ of 1,074,000 acres. | On’account. of ' the mcager. data ‘available,
_only a'roligh’ éstimate’can be made of'the probable’cost of ‘tliis project.
“Some’ definite” inférmation'is avai ]

- . slon dam, due’to the fact’ that this site has been'studied’ by’ the Beck-
. man-Linden’ Enginecring Corporation.. It is' also kiown"that 'a net area

. 0f 104,000 acres of 'bottom landon”the Parker’ Indian Reservation can

.;be irrigated by an independent’ gravity Systent it ‘2 fotal' cost” of ‘about

7 $75.00 per acre.” The"bottom'lands dn Cibpl‘a"‘Y'a;‘ll‘

i ; f .

reclaimed for$75.00" por Aere or less.' "
#ii,:The ;allocation of :the;costiof: the: diversio

and-power plant to' the lands: in7Arizona-and’Californis in proportion to
. the acreage to be-irrigated. It is also assumed that it would:be:fair to
. levy a charge of ;$100.00 .per;acre; -for, bottom' lands, irrigated on the

- Parker Indian;Reservation and inCibola Valley. . A rough, estimate, of :

the cost of:the Parker;Gila-Valley, project-is given below.

GILA VALLEY PROJECT.

i
SRR

- Cost..".
$ “ 4,700,000
3,604,000

‘Parker Dam "'
. Power Plants "
‘Pumping:Plants
‘Tunnels =700
Siphons
~Main Canals?™. «*
. Lateral System =74
“Miscellaneous’ Structures’
Transmission Line '

*11,460,000

L

5 i ¢

15,887,000

“Potal C(\‘)'nétruyetiqﬁ‘fCogst'f“‘ i
“Less Amount’ Charged to California
£ Dam’ o i , i

i

or,“ Parker e S
82,000,000

U

on’is ‘available“with" respect”to ‘tho ‘main diver-

babl “Tbe

M g e
‘ :damand three:or, more

power: plants, will be.difficult,, even, with / definite sengineering; data.
available: - At this time it.seem equitable to charge the cost of the'dam.

1,995,000
_LT40,000

— e

$121,800,000

¥

TR FATIE
INIWLHVAEQG e

g

© $105,913,000 "
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‘7124 000,

Less Chalge of $100 00 pcr “Laere, for
" n Glbolaxvalleys

12 400 000

8, 400, 000 " 14,400,000

‘Est. cost per aere $168 00.”.
Annyal Cost of Operation, Power and Pumpmg Plants ]

Salanes ;
Malntenfmce fmd deprecmtlon
‘Purchase of P wer )

U fetal * SRR $3 721,000
! Annual Opemtmg cost for pumpmg per aere Sorved $o 82 .

" ARIZONA HIGH LINE OANAL, PROJECT o

General Plan g ".’x_l . fid :
bt In Yuma and Mmcopa Countles in; Southwestern Anzona, thele are
" some; 2,000,000 ;aeres, .of  desert’ land .which’ is suitable. for. agncultural
o dcvelopmentuf water f01 its. 1rr1gat10n can be made; avallable Tt has
.ibeen, proposed to reclaim’ those lands by diverting tho Colorado Rwer ‘at .
some point, between Boulder C‘myon and Dlamond Creek "The greaterr
part of; ‘the land; mcluded in the prOJcct is. first class. for. agrlcultural pur-
s poses,, If” those lands are. to be roclaimed by 1rr1gatxon, the ‘water, sup-
: ply, must, bo obta.med from. the Colorado River. / There is no “othet’ source‘
Jof supply I ) fgas1ble plan cannot be! worlxed out thcse lands ‘must
o remain: -as ay barrcn desert, /waste forcve [1‘110 Anzona Dngmeenng
‘Coniniiskion’ Tilly apprcemtes 'its" 1espon51b111ty in, reportmg .on_this pro-
jeet and it believes that it has. given due cons1derat10n to every plan
suggested forithe reclamatwnfcf 2,000, 000 amres “of land in: Arlzona by

sihgt tho Waters of the Colorado Rlver. ‘ : :

&

L B]ake, ClVll Engmeer, ‘made & prehmmary fleld mvestwatlon and prc-
pared a final teport in-the Talll of '1921: % The ‘plan’ 1nvest1gated by Mz,
Blake: called :for the: congtriction of a dam at Boulder Canyon to raise
the ‘water 530 feet, or to elevatw 1233 ‘feet above sca-level. " The high
line eanal would: dwert from e’ Boulder{Canyon dam at elevation 1,085
“feet® ‘above sea-level; . The canal from Boulder Canyon would be 1oc'xted
0N the, west slope of the Black Mountains to a point near the head. of -
(‘ottonwood Valley, thence following south' over detrital wash, _plains . to
¢ the Santa Fe railroad near Franconia. From the Santa .T! Rallroad the
.w'mal ‘would:be carried around the Needles Peaks;: thénce south _to the
i V\/llllms River. It was proposed to eross the Williams - River by ‘means
of  assiphon:atia point about 6 miles above its ‘mouth, thence by means'
f a:tunnel or c.m'ﬂ the water would be carried-to Bouse, Valley, reach
mg}thxs valley at’ olovnhon about. 930 feet above;sea- level The canal‘ ’
ould  follow. south; into Qu'llt?S].tO Valley turning: west fOllOWlnﬂ‘ ‘the
west. ‘side of  Dome Rock and Trigo mountaing .to’ nghthouse Rock )
1110nce in- an’ easterly : dircetion. to Castle "Dome Valley,;.in " the Gila
oy amafre “basin; Such a eanal would reach Castle Dome;Valloy, at- eleva-
“tion about 685 feet above:sca-level. “According to Mr. Blale, “The en-.
L tire ;irrigable - acrage under the proposed canal throughout its jentire
](\ngth would . be approxnnatoly 496 000 .acres.}”; Mr. . Blako also ‘con-
sidered. a pl‘m to, -reclaim large" arcas in the Glla Basm by means ofa

;

Net cost chamablo to 640,000 acves .- $107,400000 :
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pump: lift: of 650 feet Mr Blahe closed hrs report W1th the followmg
summary: o
L “Dlvertlng and ear;ymg water across a hot arld country Wlth-
‘out erossing: any. large: bodies; of. 1rr1gable land ‘until - a pomt 470
miles! south -of.its dlversmn is .reached,; would be: a, very precarlous
“undertaking.:In fact, it :could, ‘ot bo’ considered ,feasible, unless
“-these: lands uuder irrigation swere, of sueh value that eost eould not
‘be!considered.: :
246 This ds- not the case’ and many aeres of land in Arrzona ean be .
reclaimed: at:a; cost much 1ess per acre. than would be the cuse un- ;‘ ;
der:this:project. .o o
“‘The eonstruetmn eosts of tho proposed canal are estlmated at” a
. lower. figure than it would be possible to build at ‘the present time, .
‘but these.estimates, are given, to show. that at 3the lowest poss1b1e I
-cost (lunng nermal tlmes w1th an oper“ eanal “tl 0 expon ) would be
enormous, - ; . Ly
; SRR & S detmlod survey of the canal hne through 1ts “entife’
,length were, undertakon with. a2 ‘report.on the different classes of
'\eonstmctlon -and. cost; the entlre approprmtron for thrs Work’“wouldw
be; msufflclentr Tor thrs reason only a, hurned reeonnarss nce was’
made, to the effect, that if the progeet appeare asrble a more d'
s arled suryey would bo ‘made.’ : ‘
P “However, it ig believed that' thrs roport is suffrcwnt to show
‘ r,tlmt the prOJect is’ not feas1ble ‘at ‘the present’ time! .’ R
‘Tt also’ appears. ‘from o study. of . the, Colorado! Rlver that the
" reclamation’ of ,all the lahds subJeet to eeonomreal 1rr1g:1tron in' the
~drainage basm of 'the" river above, ‘the' proposed Boulder'* Canyon i
“Dam, will not, effeet the future development of 41l lands'in”Arizona
-and. Cahforma under storage capable of using this| water, and'it ‘does
-not appoar necessary ‘to enact legrslatron to’ protect the ‘future’ rlghts
 to the use of this’ watel, or to' enter 1nto agreements with’ the other"

Lei

mterested states as to therr future use of thls Water for 1r11gat1on 72 .

Mr. Blake" spent but: 2’ comparatlvely7 short ‘time, in the fleld
mstrumental -surveys were ~madey, it : being mnecessary..for, hrm 1to; deter-‘
nune clevations by means ofian: aneroid barometer. ;i

' Considering’ the time spention the’ work,,Mr. ‘Blake, shou],d be 4
mended for. the:valuable report..prepared,by: him. This. report showed

the 1mpractrcab1hty of /the plan;to- build, a; diversion’dam’,at Boulder '

Canyon to ralse the water ‘to the. 123a foot; level for the clamatmn of»

Plan B T :1:7 L

Before enterrng the field; tho Ar17ona Englneermg Commr 1onikwas;“ :
aware of ithe ;faet that to; be feasrble, ahigh,line, canal PTOJect must e

“involve..a’ planl to :carry . the water to, Bouse Valley at ‘an,elevtion of!
1200: feett ot more;; above ; sea-level.; . The Commlsswn,‘ therefore, flrst
considered - a plan to bulld 1a drversron dam at. Boulder C i
“the water to,clevation 1350 feet: ubove sea-level, “the
tunnel: from. Squaw Wash through the Black Mountams,
posite; Eldorado. Ferry;: followrng»south on, praetlcally thp _a,me 1oeat10n
as far as:the Williams River, as that given;in,the Blake X port. At the ‘

 Williams, River,; the; ‘Commission proposed to bulld a high' darn in the’ Box
Canyon, the high: ling canal. to.be . ‘carried. aeross on:top, of, the dam,

ordertoreach: the’ Williams Rrver at elevatron 1390 feet it would beﬂ et

necessary to eonstruct a eanal on the very flat grade of 5/100 of a-foot

to the mile,

~

: There. bemg No -~ reservoir s1tes near - the lands to be: 1rrwated<bV‘ '

rheans: of- whleh the flow ean-be; regulated,rlt would. be necessary for
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,25/100 of a foot to tho ‘mile wotild ‘¢ost-on:an.average, about $1,000,000". .
. per mile’ for ‘eanal”in’ rock, $550,000 per’ mile‘in earth and: $7,000,000 per.

- Washto the' Wllhams ‘River ‘dam' sute'would bo about 150 miles, with:50

S Itds apparent ‘that 2 canal constructed on'this”grade would’ be mfeasu-J
“ble. / Sorie ‘of the rough' country through which sueh'a ecanal: would: pass
_-is shown, 1n Appondlx B, see pictures Nos 18 to 39 53 54, 61 and;’(

“feet,or o the. 1420, contour (Plctures 99 to’ 103)“ Utilizing’ the’ uppen

. cross,sectlon of the supply canal and  the tunnol scctlons, ‘the” condnit -

" would-be necessary .to, bulld a dam to, Taiso tho water, 790 feet or to ele-
" vation 1580 feet above sea lovcl "A-careful 'study ‘was’ "made to” deter-
'ming tho probable dost ‘of 'sucha'conduit leadmg to the ‘Williams River

Con a grade’of one’ ifoot to'the’ mlle, it woitld be neécessary:to construct:-a

the - width of the canal.on:the: bottom being /32 feet Wwith  aswidthrat thei
’ top of 82 feet., The cost of such a eondult would be about $317 000,000.:

the d.lVGX‘SlOII dam ofi*'account of 1nsuff1c1ent information, - It*is* safe:

“$UO 000,000 for’ the "d1verswn ‘dam, Thaking' the!total ‘cost. of the condu
Lo carry tho Wator to‘the W1lhams Rlvcr, approxlmatoly' $374 000 000,

‘Water would be'earriéd to ‘the' Williams~ R1ver reservou' sute by means" of:

¥

cho canal from Boulder Canyon to 'mve i cnpamty of 17, 500 'second-:’
feet to serve 2,000,000 acrcs Such a eanal eonstrueted on’the grade:of..

mile, for a four ‘barreléd! tufinel. “The’ length:'of ‘the canal from Squaw’

miles of canal in'"earth, 20 miles in’rock ‘and’ 80 ‘miles in’ tunnel.- The *~
cost”of ‘such a, canal would, therefore, be approximately $607,000,000."

6210

,:,‘

Plan G

] Assumlnfr undat n con(h favo ablc, ‘an’exeellent’ dam ‘site
was found in the Box Canyon”of the Williams* River."The e]evation“‘of
tho.water surface at,the:dam sifo. is 960 feet above sea level/ "It ‘was
found:that a- -dam’, could Do ,bullt at this pomt to'ralso ‘the* water 460 -

50 feet for storage pUrposes capacﬂ:y of about 171,600,000 -acre- feet;-
would, be; ava11ablc to’ regulute ‘the ' flow to moet; tho demand for’ irri-

R gatlon The eanal leadmg from 'tlie Wl]hams River, ‘roservoir would di-

vert:at:elevation: 1350. ; With such a _Teservoir, avmlable, the ‘main’ sup-
ply:canal’ could: be opemted contmuously at full, capaclty Under, this *
plan,;the main. Supply .canal leading- to, the' Wﬂhams River* reservou- site’
would: have ,a, capaclty of 11,000 second feot. [An’ order 't Teduce the.

was. given a, grade.of ono/foot toithe; ‘mile, ' A'sito” in Vlrgln Canyon, 17-
miles, above Boulder, ‘Canyon; Wag selected for tho dlversmn dam, (See'

‘Plate I,-in. pockct) The elovation of ‘the Colorado Rlver ‘at this’ SIte s’

,,,,,

790: feet above, sca- level “In"order’to;; d1v01t ‘the river at’ this" point; it

résérvoir’ (See’ pages 60,761, Appéndixt A):o Tt was foundithat the:total”
length of the conduit would he 170 milesy: 100+ miles' of :whieh: would: be:
tunneliand 70 ‘miles" open canal “In:order’to- earry 11,000 ¢ second-foet

two: barrel ¢onerete lined ‘tunnel] each tunnel being: 34 feot in- diameter:: s
The' opcn “édnal, concreto lined;: Would carty ‘water to a'depth of 25 feet, ‘

g Was Hot' possxblo' to prepare 4 ‘detailed “estimatet of the: cost of

to say that siich, % dam to ‘raise’ ‘the ‘water 790 fect could' niot ‘be- built:
for, less! "than’/$60, OQO 000 “Thelwater ‘needed wforilands’ion+the: lower: .
rlvor in‘the’ Unitod States and’ Mexieo™ could' bo "dropped over the-diver-: .

Jo. sion dam and vutﬂlzed for power’ purposes “A%'considerable amount: of:
o powor could therefore 8]
fo"assume that at ledst half of’ the ‘cost™ of ‘the’ diversiondam could ibe;

oveloped at the‘dam*and it/ seems'reasonable

ehargod to! powor devolopment *Under -this” assumptlon, “the':diversion:
conduit léading’ t0”the” Williams ‘River’ reservoiriwould:becharged -with’

e e

Pla.n D . ks U
Plan’ “D”‘ls ‘the!same as Plan € ”~w1th the exceptlon that the
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a-tunnel:92; m1lcs in length leading. from:the .Colorado: River, at.a pomt
about 12 .miles below: D1am0nd Cxeek, (See Plate; I, in " Pocket)., A .

. hlghel dam=would :be.built. on the. W1lhams River.:.:In order:to.obtain’a
capaclty ‘of 111,100 secoud feot withiaitunnel ‘ofio wbom, it was/neces- .,
sary;to 1ncxcase the . grade- to 4-feetito the mile.: Tt .was| found that : al
conerete lined: tunnel with .an: ingide: diameter: of 34 feet, constructed; to;
asgrade ‘of 4 fectito. the mile would.have the" ‘proper; carrying capaclty {
SeePages<63-65, Appendix’As for.profile, eross:section;: and ;estimate. of -

-~ costi This tunnel may- be: built::for - about $146,000, 000 2Tt should be
noted:that at thepoint of diversion, the: grade elevatlon ‘of -this tunnel,
would he:1838:fect :above sea levelit'In order to-supply: thetunnel:to
full capaeity, it would' be necessary. to raise’the: water: surface::of the |
Colorado’ River-to:elevation ‘1868 foet.above, sea- level, | The elevation ‘of
the'river at the proposed point of d1vers1on is about 1260 feet, - It .
would, thelefom, be necessary. to; construet, a “diversion dam to raise, the ™
water 608 ftet Onlygéndral 1nformat10n regardmw the ., condltlons ‘at
the dam 31te is avmlab]e., Tho ' formation’ a‘c the dam site’ 1s gramte and "

it seems plobable that, bod rock‘would e, found at! a,xeasonable depth
below the water: surche The ‘total cost’ of ‘the, d1versmn dam’ may not
exceed’ $60 000,000, " W1th the dam’ completed water Ifor” 1r11gatlon lof”

“the lands’ on’ thc lower river in'the Umted Stntes and’ Mexmo _could' b’
dlopped at tho dam, §ut111Z1ng‘ head of about 500 féot for’ power “pur-
poses. "It Seems. reasonable 't eheve that At least “half’ of the cost 'of
the . diversion  dam’ would Be bo1ne by ‘the' powor prO]ec‘c 1eav1n<+ $30,-
000,000, to he" charged to’ the Dlamond .Creck: Blg Sandv Tunnel pro,]eet 3
Under thls plan the cOSt of the condult leadmg to Wlllmms I§1ver reser-

) Plan E

A prehmlnary study W ] o dctermlne thc feamblhty of di-
veltmg ‘the’ Colorado R1ver atVa point in' the; Grand anyon "the 'water”
to: le: earried by.. means of o tunnel ‘to’ ’che upper ‘hasin“of ‘the’ Verde
Ix1ve1 ~Such o tunnel’ Would De more than’ 90 miley 'in’ length and ‘the:
over- burden would be nmore than’ 8,000 ‘feet’ in dept JWhile' such'a/ tun-"
nel sould e bu11t the tlme requlred for 1ts constr etion’ Would prob- :
ably exceed 40 years A v

'PlanI‘ IR TR T a v i
e Assummg thnt the: Glen: Canyon dam were ‘built and that the Water
eould  bediverted at elovation! 3,500, fceti above: sea level. to} carry ‘the:
Colorado River to;the: upper; basm of -the  Verde, it would require two
. tunnels,; one .from. the,Glen.,Canyon .to the;Little. Colorado, 50, mlles in;

length; and :one- from . the Little, ,Colorado, to the: head: Waters of the ‘;

Verde River, more than 90. miles;in length, . On qqcount of the faet that
it would: be 1mp1actlcablc to, VVOI‘L from, adlts oxcept near ‘the, end of the
tunnely the time« uquued for,{the complet1 of thesc tunnels Would ex-
"ceed 40 years. ERRY . ‘

ARIZONA HIGH LINE CANAL PROJ ECT
. ADOPTED I’LAN OI‘ DEVELOPMENT

tnbutmn system and 1rr1gabale lands are: g1ven on Plate I ;Plan , D,
'may be better:understood.if thie:reader will also study the profile given
in-Figure: a, keeping “in-mind; that.the point. of dlversmn,on the Colo-
mdo River:is 12 miles.below.Diamond Creek.: i S

st

:The élevation :of ithe:saddleyin;Lone Mountaln L pasy; between Bouse e

Valley and:the.Gila: RIVOI’ Jbasiniis. 1392 feet above sea. level.\ If the




‘ .By, 1ncrcasmo’ the. he1ght of: the W1ll1ams Rlver dam, the tunnel lead

- of about 2,000 second foet. would run’in;

s 1unn1ng dna’ fwesterly. direction, carrylng about’»1;000:; second fceu,to, R
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grade ‘of the high'line canal at’this: pass is 1225 fect At would be neces- 5

ary ‘to: constrnct a tunnel’ or ¢ut about 28 miles long IENEAN G :
sTt was apparent:that if.the irrigable acreage could: bé brought near-!; :

er~the: pomtuof ‘diversion; :the ‘cost:of:the' canal :system’ would be:re-:

- duced i T'¢" @07this and also redace: the size of- the cut and theé length' of»

* Williams ' River-Bouse *tunnel, 2’ plan:was' adoptéd: which* calls: for-the -

high'line canalito-be constructed to':Lone Mountam ‘Pass at ‘a h1gherv

elovatmn ‘than :1225.: It was decided: that:a’ dam-could be built in the~

BoxCanyon iof the’ Williams ‘River: to ‘raise the! water- to ‘the 1500 foot -

/. econtour. * By diverting ‘from- the 'Willidims"River reservoir af elevation-' -
1442icarrying’ the -water ‘through:a tunnel 22 mllcs long, the Bouse Val-; '

]ey could'be’ reached at’ elevatlon 1398.: :

At Lone Mountam Pass the grade elevation of the canal would be !

‘ 1378

The outlet ‘of. the Dmmond Creck-Blg Sandy tunnel would have an
elevatlon of 1470 feet." In’ ‘order to reduce the ‘cross sectlon, ‘the Dia-
mon “Creek- Blg Sandy tunnel was' g1ven a’ gmde ‘of 4! feet 10’ the mile. - |
. This’ tunnel is. 92 miles long; the ‘total fall bemg 368 foet. Thd grade ele- -
~.vation, therefore, at the head’ ‘of ‘the tunnel is 1838 feet.. Since’the ele-
vation of the water ‘surface, of the Colorado River at’ the head of ‘the
proposed tunnel 'is about 1260 feet it7s apparcnt that 4’ diversion dam"
must be built. ‘to raise the water, about 608 ‘feet.” If we ‘should 1ncrease‘f
the” he1ght ofgthe dam ‘in' the; Wllhams River Canyon, it would be neces-’

AAAAA 0

“sary. to ingrease’tho height; of tho diversion dam on'the’ 'Colorado River.

ing from the. Wllhams River' reserv01r to Bouse Valley, could ‘be given a’
greater fall: and this would reduce its ‘cost.” While the ‘cost ‘of this tun-’
nel’ would bé.reduced, the cost of the Williams River dam and the diver-
sion dam on the Colorado River would be inereased. . To ‘strike a balance
and determlne ‘the. most econom1cal plan 1nvolv1ng ‘the- constructlon of:a
dlstnbutlon gystem, ;Lote, Mountaln ciit,. the' Williams ' ‘River-Bouse Val
ley.tunnel,’ the; Wllhams River dam, D1amond Creek ‘Big'8andy" tunnel’
and the diversjon; dam' on: the Colorado, would" reqmrc ‘considerable work.
However, if, this; shoiild be done, it is bcheved that. the’ total cost Would:
not be ‘much 'different from’ that presented in thls report ‘ .

. The canal system covering 2,000,000 - acres of 1rr1gable land bclow'
the W1lhams River, used. as a- bams for 'the, estimate of cost, is glven oni~
© Plate :T;.in} Poeket. ' Some " views showing :irrigable:land: are: g1ven m i
Appendlx ‘B, sce Pictures 107,.107A,108,.110;:113, and 114.; PR

. ‘By ‘meéans’of 'a two’ barrel ‘tunnel,’' 22 ‘miles’ long, the water could’ be
carmcd “from -the’ ‘Williams'! River reservoir.to'a!'point in'the’southwest-
ern’ 'part of Butler: Valley {From' the ¢nd!of this!tunnel; the water would'

" be' ca_rrled ‘an’ easterly direction'a’distance of:40" Tniles' to- the sunmmit

of! Lon Mduntam Pass, ‘this’ pointibeing reached ‘at elevation’1378" feot’

/. ahove’ ‘sea  level.”! The" capaclty of - ‘the” ‘tunnel ‘and main ‘eanal‘to this
point would ‘be 17,500 . sccond-feet, " At Lone' Mountain Pass, the' comall <
would divide in three ‘ways,, the Hassaya pa branch havmg a capacity .-

erly direction eovering

“about 225, 000 acres’ of land'in’ Centennlal atid’, ;Iassayampa, valleys and
the region’ north “of Buckeye Runnmg in"’a southerly .direction” from
Lone "Mountain Pass' about'15miles,’a’ canal: would-lead’ ‘to: Nosthuseh -

‘Pasd.” 'Before reachmg Nottbuseh Pasi; this’canal would:have a:branech

sérve: the lands*on’the ‘south” mde ‘of Vlcksburg Valley - From Nott-
buseh Pass a canal’ with a’ capacltv of vabout’ 2,500 second feot: wonld
SeTve sowmie 300,000 ‘acres on ‘the morthsideiof;the’ G1la, River.:{The third
bmnch from Lone Mountaln’Pass would follow along the north slope Of
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the anle Tail-and Gﬂa Bend mountalns, leadmg tothe - Gillespie: Dam
‘on - the Glla River. This-canalvat: Lone: Mountain Pass’ ‘would! have ‘a
capacity of-about 10,000 sccond-feet; or sufficient water to: serve 125,000
acres between Lone Mountam Pass: and the Gill sple Da
aeres’.on; the south’ s1dc “of the G‘r'l‘ River; e s

At the G1llesp1e Dam, (Plctures 109 109A 109B) w «for the ir-
rigation of 700,000 acres on tho 'south s1de of tho Gila River'would be

- ‘dropped: to ‘tlie:Gila River: above ‘the dam.. Tho: 700,000 :acres would be
‘served: by extending :the present:Gillespie Canal;: (Gﬂa Water Company)
- -ag far westfas the Gila‘Mountains. ~ o reach: lands on-the south"side of
‘the Gila River :above:the: extension: of: the Gillespie Dam; water:would
be ‘siphoned;: crossing.the' Gilaiat the Gillespie dam and!declivered: on the

cast side’of the:river at' elevation 975. #'This: canal -would ilead south;

erossing;the Southern Pacifie: Rallroad about 6 miles: east of Gila- Bend

from which pomt it'would run.in’a’ southerly dlrectlon crossmg the A;]o

' "k;leroad near Black Gap as shown on: Plate, II.

. Cost Estimates: :
. Arizona High Lme
.Canal Project. .

iThe detmls regaldmg unlt costs, desmn of stluctures, canal .and
~ tunnel. sections, amount. of matcrlal to:be. exeavatcd ete Wﬂl be found
»inr-Appendix As; i Al cost, summary w1ll be glven here ETARNY

COST SUMMARY' v
ARIZONA HIGH LINE CANAL PROJEOT

, - (Plan D) o : e
Dams ! iz Costi
- Colorado Rlver (50% of; cost) :-$ 30,000,000
L Williams - Rlver 1 22,000,000
Tunnels ,:233,371,000
.»Siphons »i i i 23,806,000
| aMain Canalii i i il 157,152,000
+»Gillespie;Dam. (Right of Way) . e a1 2,000,000
Lateral System <> s U ;30,000,000
: Mlscellaneous Structules ‘ " 6,538,000
. Total TEs ', $404,867,000
Contlngencles 15% ; ' ' 60, 730, ,000,
,' ‘Additional Contmgencws % Dmmond Cree] Blg Sandy ‘7,’,7
i Tunnol) ‘ o 14;§QQ,900

el Total ‘Hst. Cost
: Credlt for ‘Power ' Assets
M Gila River Sitels bt
Nottbusch I’ass Slte

: Poreword. St

Valley!Project, the Commissioniinvestigated, many :smaller:projects . in-
volving:low:lands jadjacent .to the: Colorado Rlver. : In the conclusmns

and 1 050 000 -

“In addltlon to the *Arlzona ngh Line: PrOJect and the Parker Glla‘




L PR " REPORT" OF “ARIZONA

g and 1ecommcndat10ns, tlie two major prmects Wlll be. treatcd sepamtely,
“while the'smaller projects will-be referred..to as'ia group.. i .
] Recommendqtlons W11L iso:be madc rcwardmg r1vc1 1mpr0vements

MISCELLANEOUS PROJECTS EMBRACING- LOW
LANDS ADJACENT 'TO: THE COLORADO RIVER

C‘onclusxons. :

fEs .(a) Unless ‘a foas1b1c, comprehcnsxble, plan of (1evelopment can be .
- worked:out, the aréa of. Arizona;land’which may. be:.irrigated: from:the
: “Colorado: Rlver will be.confined to .areas of:bottom lands along and ad-
i/ jacent-to:the;.Colorado: River.and: a:few areasthat may boiserved: by
pumping. from tlie systeins serving these:bottom:lands-or. from the’ Colo-
~.rado RIVGI‘, agwrwatuw altogethcr wabout 300 000 caeres. i i uhin
: “(b) The *data. now atihind show ' that! 1t may be feasﬂale to ‘re-
clalm 1182,000" acres' by gravity and 105,000 ‘aeres by pumplng, or 287,000
“aeres in’ all Of this, amount™ ‘1b0ut 40 000 agres ’are. NOw 1rr1gated
(19233, ‘ .

Recommendations H

Definite data relating to the present’ Yuma Governmen Reelama-

tion !‘Projeet’ and’ the *Colorado River Tudian: Reservation ‘Project are

av'nlable.\, ‘It is recommended that detailed surveys:and:cost: éstimates

"be made and ‘that: reports be ‘prepared:tot show the’ most feasible’plan

7 for reclaiming the lands in’ Mohave, Chemehuevis and Cibola Valleys and .
‘ nuscellaneous tracts adJacm ) Cololado Rlvcr., e ‘

I PARKER GILA VALLEY PROJECT : SR
OonclusionS' ST
W (R)THA L dam for power on the Colorado River about five miles: above
'Parku has’ been investigated and favorably ‘reported upon by Beckman
fnnd Lindén, Consulting Engineérs: of San Irancisco,
1f a diversion and power damcan be constructed at this pomt to :

d1ve1t ‘water‘at elevation 440 ‘above sea.level, it is possﬂole ‘to irrigate

764,000 acres in" Arizona and 310 000 acres:. m (‘fthforma makmg over'a -
'mllhon acres in all. R L LT
UHLETRY . On' the Arizena s1dc 124,000 acres ‘would'be served by grav1ty,
i 640, 000 acres by: pumping, the maximum lift not cxeoedlng 200 feet.

&), If the Parkor-Gila Valley. PlOJcct wore . constructed .power

Yy

. Cibola,“and " Palo Verde "Valleys. " The - total 1nstalled capaclty for the
~four plants would be about 100,000 horse power. g

vt (d)ss ‘The Parkm Gila Valley PrOJOCt presents 3’ comphcated prob-
lem.  Involving as it does. the development ‘'of . power,. the 'serving.of.
“lands by both; igravity., and pumping systems, angd the ;serving oflands
now irrigated it :may be diffieult to allocate the: cost of ‘the.: devclop
ment as between the various arveas served.

/Only meager data are available on which to base a cost estimate.

- owever, the  data presented in this-report indieate-that about 630,000

o aclcs [inyGila’ Valley, Arizona, .may be. reclaimed.. ab a, costof $168 00;
per’ acw Movre definite ‘data on both the Arizona, and Cahforma slde
ot the river ‘may:show -that ‘this ‘cost can'be reduced.

-(e) ", The Parke allcy ErOJcct apparently has‘ sufflclcnt meut i
to justify. the expenditure. of ‘a’considerable. sum -of moncy on detailed
suzveys :and:ithe; preparatlon of: an;engineering report. .

#1(£) . The' Parker-Gila) :Valley :Project -and.the’ lands" posmble of re-
‘clamatlon in‘the Palo’ Verde ‘Valley; Palo: Verdé!'Mesa:‘and Chucawalla

|

eould ho deve]opod at the .diversion dam, mesa dmp ‘south of Parker, at o
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Valley, Cahforma, may be served from a common dlvorswn dam. There-
fore, thege projects should be investigated by a Joint Commission.

The members of: this Joint‘Commission ‘should represent the.Fed-
eral Government and the states  of Arizona and California and:be
“eharged’ with the duty of working out a plan of dovolopmont that will
best serve the. mterests of both States. :

Recommendatmns‘ ; ‘ w : L '
It.is recommended, :
* 1. . That through approprmte actlon by the leglslatures of Arlzona

1nvest1gate the “Parker-Gila® Valley. Project.

“That*suffieient’ money be! appropriated and made avaxlab]e to
the Jomt Commission‘to enable it to make all surveys necessary -to form
. ‘thé' basis~fora report which will show definitely the cost of the projeet
and the allocation of ‘the’cost as between lands served in Cahfmma. a.nd
Arizona. . S

‘ ‘HIGH LINE QGANAL PROJECT
Conclusmns.
(a) - Investigations made by the Commlssmn indicate’ that it may

located in Yuma and Maricopa Counties, Arizona. .

(b) -In order to reduce the ecost per acre, 300, 000 acres near the

Mexican boundary and 50,000 acros. in Quartzmte Valley were: excluded

from the- project. : ‘

(e) . Boil surveys were not made but the Commlssmn has assumed

‘from its reconnaissance that 2,000,000 ‘acres will produce abundantly

“when water and-humus- are addod to the virgin: soﬂ “

: (d) The climatie’ conditions in Southwestern Arlzona favor the

S growing:of ‘erops”of’ one’ kind or another thmughout the year.”

c () In this re(rlon 1ntenslve falmmg on small fa.rm’umts should
- be practiced. - " . e

(£)"! 'While the maJm pOlthll of the crops’ Would be the result of;

-4

7 ing of ‘fruits and nuts, i
] (g) IDue’to the gcneral‘elovatmn of tho 14nds " to’ be 1rr1gated and
" the elevatmn ;of certain passes-in relatlon to the source' of water, sup-‘
ply, it is diffieult’ to: devlsc vfeasﬂole plan to bun« the WateL to tho,
Anrlgablo landi. | i ] .
(h) ‘Many* plans““for dlvert :
lands in Western Arizona were tonside
- 'the’ eonstruetion of "a’92 mile” tunnel to’ dlvert the Colorado River at. a>

ls'of the Colorado Rlver to«

i

(1) Using” Plani¢¢D?2: asia basis for estimating the: cost of .tho’
ungatmn systom to reclmm 2,000,000 acres, it was found' that the cost
for a‘concrete:lined system down to each 25,000 acre unit, including the

distribution system complete would be about $225,00 per acre irrigated.

(j) The Commission ‘belicves-that the unit costs used in this re-

the large volume-of material to be:handled to:bring the - construetion.
costs to a minimum, ~The quantity: of the various classes of material to
be ‘moved may vary considerably from that given in this report.. A
balanced cut and fill section was used as a basis. for estimating the

B

and California, -a Joint Commission, as referred to above, be created to .

(bo posqlble to: reclzum by irrigation, a net area of about 2 350,000 acres, ’

‘ }:enoral farming, & part of .tho hnd may bo found su1table for the grow-«

"Plan ¢“D?? whieh iealls forY :

pomt 12 miles below Diamond:Creek, appears to be the best, 1 5

‘port -are averages attained on work of a similar nature constructed dur- g
ing the last few years. It is possible with high efficiency machines and
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< million aeres -of: land "in Southwestem Anzona must 1ema1n a desert
... forever.

" : mnot feasible at the present. ostimated cost of $22o 00 per acre; and that

“ a whole.

‘make,. and " examine some: suggested changes, Whethe1 affirmative ‘or:

_the legislatureito: check the/ assumed lengths of the Diamond - Creek-

~sates on. thé Colorado: and ‘Williams ‘Rivers, verify the lengths of the
“major canals,; akmg approximate classification: of material of safne,n

“rado River that the constantishifting of the ‘Tiver channel ‘was. ‘destroy-
. ing land on.on¢ ‘side and making land on the other.” The stablllzmg of, ;
‘ the stream ‘is “essential, but to aceomphsh this"to’"the best advantagex N
- will ‘'mean” the ¢éutting: of new’ channels. in;some places the building of‘
“levees'and the chango of the river channel 1n order to more- econommally s

]

-of ‘¢reating a‘ Joint. Commission to-work out a- satlsfactory .solutionof:

- Joint Commission to deal with mmllm plobloms should be creatcd by the .
‘ statcs of “Arizona and:Nevada. . : / .

»roport of the: Commlsswn

3gh “REPORT ' QF “ARIZONA '~

earth and rock quantities in .canal excavation, ~Aectual location on the ’
ground will increasc the quantities and the lengths of canals as com-
pared with theoretical sections and paper:locations, . . . :

(k) - If the High Line Canal Project be infeasible,: morg than a

(1) 'This Commlsswn agrees that the Hwh Line" Canal Pro;]ect is
no funds should be approprmtod for a detailed survey of the progeet as
The cost est1mates ‘were basod ‘upon the: best ‘maps obtamable and
sueh field work as thé.Conimission could: do. with ‘the ” limited funds
available, © The- Commission: focls -that a’ small appropriatin’.would be

justified to"check certainiassumptions that:it was necessary for it to

negatwe 1esu1ts fare’ attamed thereby.

Recommendations ] :
It is reeommended that an appropuatmn of $25 000 be made by

Big Sandy and Williams River: Bouse Valley . tunrels, examine ‘the dam

make a soil reconnmssanee of the lands proposed for irrigation, examine
a-suggested., storage “site :in ithe. lower Hassayampa  Valley and make
such other mvestlgatlons that may bc deemed portment .

RECOMMENDATIONS REGARDING RIVER IMPROVEMENTS
The Commission” found in.its 1nvest1ga.t10ns of lands along the- Colo-

irrigate’ certain .aereages, all jof Whlch may:involve the state:boundary. '
While ' the- problef”is not 1ncluded in thoisubjects -coming under: this .-
Commission, nevertheless the ' Commission deems” it advisableito icall to
the .attention|of - the:states of ‘Arizona" and Cahforma, the’ des1rab111ty

the many problems: arising from thesc causes. ‘It is suggestedithat’a.

The foregoing, together W1th Appcndmes A and B constltute the i
: Respectfully submltted ‘ T
: L C..LaRUE (Chalrman), e | R
TR Hydraulie Engineer, .o s e
; U. 8. Geological Survey,
‘ Pasadena, California. ‘ ’:
PORTER J. PRESTON, - - ﬂ; : K : i
Project Manacrer, e . ‘ U
+-U.:8. Reelamalion Service, . R i
- Yuma, Arizona. . i T
H. E. TURNER,
Irrigation Engineer with
Arizona State Water Commlssmner,
- Phoenix, Auzonu
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R ADEQUACY OZE‘ THE WATER ‘SUPPLY .

The. Auzona E nglneeung Commlssmn was charged Wlth the duty. of =
determlmnw liow much land-in" Arizona’ ‘¢ould be irrigated with the was'’
ters”of> the Colorado River. ‘The projects ‘investigated by the Commis-’
sionembrace: areas” aggregating - morethan 2,000, 000 aeres.” The Com-
mission: has' recommended: that a detailed 1nvest1gat10n should ‘be made.
to determine’ the' feasibility of the Parker-Gila - Valley Progeet ;which
cmbraces. 764,000 . acres of; land in"Arizona and 310,000 acres in Cahfor-
nia.: Tt was a]eo récommonded’ that the:sum ‘of $Zo 000.00 be appropri-"
ated: for - further. study’ of ‘the Arizona High' Line~Canal Project, under
“which ‘it is ploposed to. reelalm 2,000,000 .aeres, ' These projects c annot'
be, foasible’ now. Mot ‘at, any ‘future. tithe’ unless an’ adequato water ,sup-,
ply'is avallable “The Wuter, therefore, foels ‘that it is h1s /duty as a,
member.of “the “Arizona  Enginecring’ Commission” ‘to "eall ‘attention  to
certain’ facts regardmg the flow of the lower Colorudo vaer and 1ts use
for"urwatlon AT S ! : i

oy I‘or the: purpose of: thls statement
'qnalysw of stream flow, data’ wwen in . Appendlx B, of’; the. report. ¢ Prob:,
lems, of Imperlal Val]ey and, V1e1111ty,” Scnate, Document. No,. 142, 67th
Congxess, 2nd : Session; The table given: below appezxrs on; page ., 37 .of
the above named 1eport . . Sy / ;

Avemwe:dlscharge of Colomdo Rlver at, Yuma, 1903119‘)
D1verted above by ‘Yuma ploJect § ' .

'stunated at Boulder Can}on
’lpletlon (1) SR Ly ;

Tutul e depletlon

Development, upper basin
ROSGIVOII'S in -canyon sectlon

6,800,000
9;610,000 L

(1) Less ‘than’ gwen 1n p10V10uS estlmates, because embraemg a
shmter perlod of tlme., R ke ‘

g The above table shows that W1t11 all demands for Waterffor 1rr1ga*
tion ‘in:the upper: basin’ satisfied . and:with reservoirs built for irrigation . -
andépower development; ithere -would remain at Boulder Canyon:an aver-
age: annual flow.of 9, 610 000 aere feet s g el DR

“In, Senate Doeumcnt No.’ 14 referrcd 'to above, the
sumptlons were made Sl

i

. A P
Dot W :

: R TR T N T e !
,‘»‘Annual gloss demandffori rlgatmn, gravity 4.40;.acre- feet per
aere; i pump;:3.50 :acre-feet: per. acre. s Annual: net. demand-above ;Laguna
Dam, consumptive use 3.00 acre- feet per-acre i Voot ol aviag fii
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© A’ Synopsis -of Table No.: A2
(Senate Doc. No 142)

‘' Above . Below. Laguna Dam R D S i
\Laguna "'Grand;
- ;wDam o G1 rLV1ty Pumpinm to Total .
Acres i 300 000 1, 032 000 ; 183 000 2 020 000‘
Demand: (ae ft per acxe) e S .

(Net)' b ; 300 i 44D 850410,

Total demand ‘1ere feet 915,000, 'é 740, ooor 641,000 ,.. 8, 300 000, -

ey

" The, data g1ven above show the future annual supp]y at Boulderv
Canyon' to be .9, 610,000 . acre- -feet,” and ‘the “annual demand for’ 2,020,000

~to. be 8300 000 acre-foet. These data, 1ndleate a surplus in supply of,
1,810, 000 acre -feet ‘annually.’ . )

The results of the 1nvest1gat1ons JLISt completed by the Anzona En-f,
gireering Comnussmn, show the mneed “for further study  to determine

“definitely “how" mueh,land ‘in’ Arizona'ahd’ ‘California” can be* irrigated -

with: the! Waters ‘of the Colorado ‘River.’ 'The 'total ‘atea’ ‘of the pro,]ects‘
studied *by ‘the’ Commlssmn, meludmg Tow lands” ‘adjacent "o’ the river,
was about 2,600,000 acres in‘Arizona. If these prOJects should be proven

- feasible at th1s or:-any .future time, the flow of theColorado’ below the

Grand Canyon.must be sufficient to serve an area of more than 4,000,
000, acros. Assuming a duty:of 4.00 acre- -feet, per acre’the annual require-

‘ment would be more than 16, 000,000, acre-feot. Tho average ‘supply be- - E
“ing’9, 610,000 acre-feet, it must be .apparent that the annual water sup-

ly would be def1c1ent by about’ 6,000,000 aere: -feet.”” The writer,”there-

: 010, ‘wishes .to-call attention to tho need for!a broad 1nvest1gat1on, for

it ‘is his: opinion~that:the: water supply. of:the;Colorado River may not
besufficiont: to . reelaim the. lands wh1eh may. be-. found commercmlly

L feas1ble of development,

“If the 2,000,000 acres in tho lower Glla. Valley were 1rr1gated the re-

" turn’ flow Wou]d pass down'the ‘Gila . River and reach’ the’ Colorado River

below Laguna Dam but above.the present  heading of “the’ Tmperial
Caiial.” This return flow, would probably amount’to-more than: 1,500,000
acre-feet ‘annually, ~ This water would be. available for'the" 1rr1ga’c1on of

[ lands in Mexico, The water from the Colorado River would. be carried

to-the Gila basin in’ concrote lined tunmels and eanals,: the Toss ‘of water
would be. almost” neghg1ble The greater part 6f water now “lost in the
river channel below Grand Oanyon would be saved: ‘and the return’ flow
would be available for use in. Mexico. Such a’ ~plan, of development

. ’would result in putting the water to its. h1ghest use.

The need for. additional areas of irrigated land'is ‘not’ especmlly

" urgent. ' It is, therefore, suggested that sufficient time be taken to make
-surveys and prepare a report showing a eompwhenswe plan for the de-
. 'velopment of the Colorado River as a.whole,- :

Each \year lands on the Arizona. sule of the river aro menaced by -

" theiflood waters. *The excellent land:in Cibola Valley, Arizona, is being’

rapidly:destroyed by :the:river. : The Yuma Valley must: fight- the floods
each: year in* order:to:'save ;itslevees-and: irrigated lands.: <ThePalo
Verde Valley lands are also ‘endangered : by ‘the' summer:iflood: water.
The_flood menace in. the Impeual Valley in Callforma and ‘Mexico . is
even more serious.’’

The floods should be placed under control as qu1ckly ‘as poss1ble .
The writer wishes to' suggest ‘that'a ‘detailed study should be:made of
the Mohave:Valley reservoir site for in: 111s opinion tlus s1te, 1f developed
will-golve the flood problem $o e I LR : :




1

. oa

ENGINEERING COMMISSION . MERYVLE

“The dam site. is 1oeated in Mohave Canyon about two and one- half

miles below Topock. - The-side walls are composed .of granite and the

width between the walls at the water surface.is 240 feet. A dam to
raise the water:125 feet would create a reservoir with a eapaclty of 8,

71,200,000 acre-feet a eapacity sufficient to’eut: the most serious floods at

1uma to less than: 30,000 second-feet, exeeptlng floods from Gila River.

- The writer was 10a11ed to the State of Arizona byithe TU. S. Geo-

logleal Survey; Depaltment of the Interior, to assist that state in solv-
ing-its problems -involving the use of the waters of the Colorado:River.

He, therefore, feels that it is his duty to state frankly his opinions re- :

sulting fromthe 1nvest1gat10ns made by the Anzona\]]nglneermg Com-

-~ migsion,

1. The: furtheI 1nvest1gat10ns recommended by 'the Arizona En

gingering Commission may show that'it is feasible to-reclaim by irrigas - °
tion, large areasiin Arizona 'if.a’ proper plan for dlvertlng the Waters of "

the. Colorado RIVOI' s} worked out.

2. ‘While 'the 1arger 1rr1gat10n progeets on the lower river in Ari-- o
" .zona and California may, not be feasible at: th1s tlme, these pI‘OJectS may. .
< be feasible 20" or 30.years from now, | e

3. Taking the" ‘Colorado ‘River basin as & whole, many {projects are

‘listed which are not feasible of development today, yet it has been sug-

Duty of Water PR :
It has been: assumed that 3 acre- feet of water per aere should be "
“delivered to the'landy to whicki one aere- -foot per aere is added to cover .’
waste, seepage, ‘and’ evapomtlon losses in‘the’ conduits, making the grossV :

‘duty 4 acre-feet per.acre. -The gross diversion at’the headgate to.irri- : .

“gested that the right to divert. water for. the development of these pro-

jects shall mever be denied.
4, < The larger proJects on - the lower. r1ver',

I'G 1’10 more VISlOlla,I‘y

than eertain ‘projects in’ ‘otherparts-of the basin. It is,’ therefore, sug-.

‘gasted that.a way be found to reserve the right-to develop ‘these larger. :

' 1rr1gat10n projects in -Arizona'-and - California, should they be found ..
feasibler 6f development at’ some future tlme - Do .

APPE'NDIX'. A

gate 2,000,000 acres under the' Arizona High Line:Canal Project, would

o g be 8, 000 000 acre- feet and’ 764,000 acres under the: Parker-Gilg Valley& )

: Progeet, provided!it is. eons1dered as an”independent pro,]eet from the

' * High Line Canal, would require 3,056,000 acre-feet. -
" From records of the Salt River. Project on the east and the Yumfl‘

Project. on the west,” an-average has ‘been'computed to" establish the
monthly use of wator for.the projects under consideration, Table No. L:
-shows ‘the dlstrlbutlon by months of the Water requlred

T

B N T,




= Amount” Requlred

- ,.r,fi\idgtﬁly ;Usé )
o _Parker-Gﬂa

s Yuma *Project - -

Month - Salt. River:Project .

' vKozrav 'ao

Jan. -

‘Feb.

~Mareh: .

“April - : -

“Mays
S June
o July
U Augen N
Septol ;- AL Tae

e Qct. 2 e i
“Nove: -
Dee.:i

- TOTALS - -

Ve

Y
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“ARIZONAHIGH LINE CANAL:

Millions of Acre-Feet
-

Y

.| 6rosS DIVERSION For 2,000,000 ACRES

@

: Head Gote Duty of 4 Ac.Ft-perAcre . . h.]

Storege Reguired:in Williams River
LPix CReserveir » | 600,000 Ac.Ft

MASS. CURVE:SHOWING et
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2]

Line

PI‘OJGGt are:y.

1 “Elevation of the. nrlgable lanas, *"
“Elevation 'of the 'Lone Mt 'and’ Nottbusch passes
" Elevation of the  Williams River “Reservoir.”
,f o Depth ‘of. ovérburden—Diamond Creek-Big: Sandy : Tunnely
Elevatlon jof the Colorado RIVC‘I‘, below; Dmmond Creek«

! Elevation‘of drrigable’ ]ands""' L b
] I Eléyation of 'Siphons across’ Gila' RIVOI'. ; : ‘
. 3. Elevation of Parker Diversion Dam’ ‘on Colorado Rlver.
LA Pumpmg lift:iat: Lighthouse: Roek, i

sever s Fp Svney

+ gion, togethm with s the controllmgutopowmphlc features, limited the
©-gradient:-of.ithe:canals ‘and, tunnels o ia mmlmum w1th resultmg low
velocltles and 1‘11g0 cross sectlons. AR R g

b Qo

Golorado R1ver Diversion Dam

Practlcally no information: is available goncernmg tho' dam site in

the ‘eanyon of the Colorado River just below Dmmond Creek at the pro-
posed dlversmn for, the ‘High, Lme Canal :

W1lliam:>/River Stora e D‘a’

OV ) ¢ g

The reguldtmg réservoir on the W1111ams River is a vcry cssentml
“feature .of thes HighiLine: Canal Progect By ‘using this  reservoir to-:
: regulate the flow: tmmcet ‘thedemand! for: irrigation, a unlform flow

may ‘be maintainéd in‘the Dmmond Creck:Big Sandy tunnel.’

~The mass’curve showmg stomge requuod in the Wlllmms R1v01 re-

: servmr 1s shown m 1‘1gure ot s

i

An estlmate has been made of a wrav1ty type dam for the Wllhams

. River :site.” . The estimated volume. of the.dam is 2,080,000 cubic yards.
TFor topography and eross sectlon of the Wﬂhams Rlver dam sxte ‘see

‘I‘Nuxe 7. " ' i Ak

The walls’ of the cfmyon at the dfun S1te consist’ of a gncxss “and

“rhyolite ‘formation.” The depth ‘to ! bed-rock has been estlmated not. £0
exeeed 40 feet below the ‘water surtacc .

A spﬂlway cﬂpamty of 60 000 secqnd foet sho

‘The P'l_rker dam mte,
nnles above Paxlxer has

The, controllmg feat\nes of the. Palker G1la; Valley PI‘OJGGt are'fa S

The’ great distance’ of 'the’ irrigable’ lands from thc pomts of diver-

= ——————
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TUN NELS

' 100 Mlles of ’I'unnel "Plan ¢

Oneof  the ‘most: dlfflcult tengineering: features of ' the: ngh Lme
‘Canal Project. is the conveyance of water from the point: of. d1vers1on
“on-the Colorado River to the Wllhams R1vcr Reservon'. T

" Two methods. of conveying the water from the Colorado R1ve1 to
' the Williams R1ver Reservoir were considered, i+, v R

The :first: plan cons1dered wasa:eanal: and - tunnel hne, the pomt of ‘
diversion::ibeing: located - in Virgin -Canyon, 17 miles::abové - Boulder .
- Canyon dam site (Plan C). ~The elevation of the water surface at the’

. proposed" point of “diversion’is-790  feet’ above sea level.” In ‘order to

obtain a grade of one foot per m11e iin the condult :leading - to Williams ',
. River, it would. be necessary: to: raise. the Water surface;of the Colorado.." .
River to elevation:1580 foet..i ....t. y 5 ‘
‘ Such a conduit would have a lenwth of 170 mlles, 70 nnlcs ofiwhich
fwould Je open eanal.and, the: . remaining 100, miles would.;be, in: tunnel,
“+In’ order. to:carry 11,000 second feet.on-a; grade ‘of oneifoot to:the
gmlle, it would:ibe necessary :to reonstruet {a two barrel! concrete lmed
“tunnel, cach tunnel being. 34 fect in diameter, = YRR AN IRTTSNEL FNPLI

The open’ canal,-conercte hned ,would earry water to a depth of 25

e

feet, the width of the canal‘on the ‘bottom being 32 feot, with a width

at the water surface of 82 f(,et The-cost:of such.ay eondult would be
.about $317 000,000. -0, :

See Table No 2 and I‘1gure 8

ESTIMATED OOST——MAIN SUPPLY CANAL——PLAN G
VIRGIN GANYON TO WILLIAMS RIVER RESERVOIR

. iCu. Yds

T aeaiiei
Structure«:,

S - Miles 5 Cu.';Yards ;

TUNNELS, dia; 847~ = o
Twin bores . 100 42 000 000 B

L CANAL S el cniduan :

"Harth': excavatlon
SCANAL e il e
Rock Excavatlon

TOTALS SR 1“70§ff‘

10 225 000 :

4 370 000 252,000 ° T 6,895,000
61 1600, 0009 7,038,500 3531%,04,4;000

Dxamond Creek -Big Sandy Tunnel

It will be noted that Plan O 1nvolves the construetlon of a condult
with tunnels a(rgregatlng 100 niiles’in‘lenigth and 70 miles' ot open: canal.
:, The cost, of such a conduit would be prohibitive. ; A shorter route: for:
. the conduit leadmrr to, Wllhams River, Reservoir: was found. by assuming
-, 'the diversion‘at a pomt on’the Colorado River, 12 miles below Diamond
. Creek, . The vater can be conveyed to the  Williams, R1ver Reservmr by .
" g tunnel 92 miles in'leéngth. “An .intensive study 'was made as to the
pxactleablhty of . constructmg a tunnel of the unprecedented length” of

92 miles.’
... +The Diamond: Creek- Blg‘ S'mdy Tunnel is located below elevatlon
2,000 feet. : . i
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By\ reference to: Bulletm 435 of the U.. 8. Geologlcal Survey by N

H Darton, it will ibe observed . that: ‘below, elevatlon 2000. fcet the forma- S

t1on is granite, which is favorable for tho construction of deep tunnels.‘

Another 1mp0rt'mt ‘factor+is the'itime required«to-construct’ such a
long ‘tunnel. . The' alignment was' planned so that: the maximun .number
of headings could be used with shafts of a minimum dcpth It was
found that six shafts could be.located. with a total depthiof 9500 ‘feet,

©‘with'a“maximum’ depth! of ‘shaft of “1900: feet, which .would divide the

tunnel’into lengths varying ‘from 4 miles:to 16 miles:/:'With a.grade of
4" foet per. mile, it would ‘require one: ‘conerete -lined bore;34.feet:in
diameter  of sstandard’ horseshoe type to’ carry +11, 000 second feet of
watcr LR e e b ; )
CTtise mterestmg to' note’ that in-the- Catsklll W‘Lter Supply, System,‘
two tunnels were’constructed; one' 18 miles’ in length and the:other 18.1°

O PRt i Fhapien

¢ miles, with ‘shafts ranging ‘from 108 to 1187 foet in- *depthi:s The:Shen-
. daken “Tunnel,’ recently completed, is* the world’s longest continuous

Vshown in Figure; 9

avould never ‘be. attained; even in flat, level countly

tunnel; being :18.1+miles ‘long. i Seven, shafts: aggregating: 3,238 ;lineal
feet weore cmployed tduring constructlon or;an.average:of 180, hneal feet .
of shaft per: mllerofftunnel ‘In our proposed.tunnely six,shafts aggre-

. gating 9500 linealifeet would be required or less: than 104 ‘lineal : feet: of

shaft; per: mile:of stunnel.’ Theso: shafts would:permit of d4. main head-
ings-to he worked: smmltaneously /The -Niagara. Falls, Pressure ‘Tunnel
completed this year has:a diameter: of. 32 feot. . /With the pioneer, tunnel
system - such as used on the:5-mile . Rogers Pass tunnel on the,Canadian
Pacific- Railway, other headings could. .be: opened. as needed by means
of crosscuts. It is estimated that the Dlamond Creck:Big Sandy tunnel
could, be: completed in;ten years,. v vlnch is the: tlme cstunated to’ buﬂd
the. Colorado River dlverswn dam.. ., e e

Tt s proposed: to: line the jtunnel-with. concr'cte; the minimum, thlck- '

mess-toihe-12;inches -and tlic average thicknossi18 inches.; The estlmated )
‘volume of-conerete in the lmlng is 8,183,000 cublc yards. ;o ig- -

A

The rock exeavation' in'the tunnel is:estimated to be 20, 424 OOOl

~eubie yards::!A part! of this'material may be,used in-the constluctmn of .

the Colorado River:Diversion:Dam .and:the: William, River, storage, dam.

‘ The /Diamond I Creck- Bw Qandy tunnel:of 'the [Arizona High' Line =
Canal Project” was: desmned as.‘a’ s1ngle bore, thls be1n0" rthe most
economical from’the: cost point of view. :

It iy realized that, in pmetlcc, a, contmuous ﬂow of 11, 000 second-

ifeet ‘of watm ;might not be. malntalned tluou(fhout ‘the” year in"a 'single .
- ,bore tunncl and that it mlght ‘be, neeessary to closc down'the tunnel ‘for.
¢ _repairs,. one - or’ ‘two months durmg the ''ygar. Tlus ‘would ‘cause a’ re-

duction’ of, the water ’ dehvered to the land If the construetxon of this

: ﬁ‘ploJect were;to” be, undeltalrcn, 1t”mv1ght be' adv1sable to- des1gn twm §
‘bOIGS of’ smaller dlamctel mstc%d of a- sm\ﬂe bore as estlmated W

A, proflle ‘and sectlon of the Dmmond Crcek Bm Sandy Tunnel 1S

' Table i No. 7. shows;the prope1tlcs of tunnels on the Parker Gila

','Vallcy Project and Table No. 16 g1vcs the same data for tunnels: on the’

High Line Canal PrOJect

y Q,CANAL CONSTRUCTION e
< Attentlon shou d;be directed  to the:fact’ that in lxecplng ‘with the

"‘,whole report, very conservative methods were used ‘to ‘estimate the canal

costs.-The - average transverse slope .was, assumed to be. 295 'and "an
ceonomic. cut was used throughout. This s, an, 1deal condrtlon that

1
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\locatlon surveys would 1n<,rease the cost of tho can’xls. v

. Concrete Lining
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Tt shou]d also~ be: pomted ‘out that - the Ieugths ‘ofcanals’as dotor-
cqtlon would be 1ncreased if- locatlon surveys were

PR LR

made :
‘Taking:these:various factors mto comlderatlon, est1mates based on

L B

Surface Drainage

“Much of s the dcéert count1y traversod by thc canals cons1dcru1 111,.1
‘ t}us report isisubject to heavy, torrential:storms,: whieh: oceur, with irre-

gular:frequency. While the aggregate.run-off ifrom this.source is’ small

“'it should. be remembered that the rate of runoff is very high,

This condition’ hag resulted in a multiude of sand washes, ranwmg
from 5 to 200 feet in width and. dralnlng in:a-direction at rwht angles

- to-the:canal.: Each onec.of these washes i’ a'menace.to. the safo opera-

tion‘of: a’ canal.. Such menace varymg w1th the 51z0 of the wash and .

the: rate:of run- off

Ttis- beheved that the propel method of takmg ca.rc of thls cross- .

drainage'!is by 'the use of inverted siphons, eulverts and flumes. 2 At -

‘many locations above: the ‘eanals, a number - of ' smaller wushes ‘can be
. diverted''into one’ 1argo wash, under’ whieh ‘the' canal’would bé ' carried
‘through:a’ spihon. > Onereason’ for ‘adopting this:plan ‘would: bé-the .ad-

ditional protection'it offersito farms below’the' canal, making possible
the reclamatlon of ‘considerable’acreage now: cut up 1nt0 small tracts by

‘these washes. " At" favorable locntlons, use- ean be made. of culverts un-'
;der the’ canals or flumes' over them. " i R S E N T ‘
DS S £ thought that a'fair’ ‘ostimate“of the struetures necessary to
‘ take care’ of ‘this cross surface drainage would'be to assumethat, on'the

average, it would be necessary to construct a siphon 150 feet long every

~two' miles,’and one minor structure, such as a’eulvert-or..flume, every
‘two* miles, " -The. estlmated cost !'includes’ the ;excavation ' of imaterial
liecessary to dlvelt all the sulfaco dlaln'lg‘() to these eross - dralnawe .

structures., = b ot T s
- Culverts are! to be avmded as much as: poss1b10, as they are ossen'

. -tmlly pressure’ conduits and: tond: to £ill' up:with!'debris’ as-the: flow. of
‘storm! water.isubsides, or..they.:maybecome iclogged during:the- storm
- .causing the ;water to, overflow 1nto tlm canal. W1th attendant damage. g

DR IV T

Steel S1phons .

The cost, estlmates me based on, des1gns wlnch call for remforced :
,,concrete s1phons for heads less than 80 feet’ ‘and steel’ s1phons for; hcads :

greater, than 80 foot. . To faclhtqte malntenance, ‘these steel mphons are
deSIgned to. be supported’ above ground on’éoncrote piers. The' only
exception being the Gila River siphon on "the Parker- Gila Valley projoct.

On this s1phon where the pipes-eross the. c]mnnel it is proposed to"bury =

them under ‘the river-bed after’ protectmg the ‘steel - with an external

“eoat of reinforced concrete havmg a minimum’ tluckness of 6 inches,
Tables: Nos. .8 and 17 give the prineipal features and ‘costs of ‘steel”.

Wnphom on the Parker Glla Valley and thc Hmh Llne Canal pYOJects, =

‘“regpectively.t v ioh L ‘

[

Concrete lining has' been Lstlmated for all cqnals havmg a eapacﬂ:y

: “of 200<second- feet or mor(, Tho use of concxete hnnm has the followmg
:jadvantageS‘ o )
o Offers less’ res1stance to ﬂow than an carth c’mal hence the}
’ ‘sectlon may be made smaller,” K -

2.. -Lessens the danger from' breaks, and permlts c’trrymo‘ the Water

.
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e - ENGINEERING  COMMISSION

C U ARIZONA HIGH LINE GANAL. ‘
e 'SUPPLY GONDUIT " R I AT
F:on COLORADO ‘BwER.-TO WILLIAHS EIVEE fc‘:scEvoaz .

., . PLAN G

TYF’E AT : S
Tunm:l. Section - Twin Bores [‘.’:aumsa . ’
Average Thickness of Lining + 187
Minimum: thickness. of Lining « na"

TYPE “B"" .
CAHAL SecTioN tNRocK -
N\ Av. Thickness of
"\ Lining = 8" " .

CAnAL S:c-rlon
Y ‘ln ofher material - -

“than rock - :
Av thlckncss llmng 8

PROPERTIES:

B

Fléure 8

CTYPE -
i . : Afeachboral - B - C
Bottom Width in ft.: e 148 32
Dépth in ft 28 _ 25 25
Hyd Pad in fi 104" 13.5 13.9
Area of Water sq.ft (852 1394 1425
Wetted Perlmef‘ar‘ 821 103 - 103
Value of ‘n” 0l4 Q14 Q14
Slope 0002 0002 | 0002
Fall in ft per mile 106 1.06 - 106 )
Velacity-ftper sec. " 680 WWAK] 807
! Ququu inasec £t o 5,800 11,000 11500
Exc.-cuyds per mile 210.0004 250000 | 290000
Can Lining cuyds per mile 34,600 14490 14.600
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further above the ground-surface, thus lessening the amount of exeava- !
» tion -required. e e S E e e ey L s e

3. Lesseng loss by seepage. ~In systems of the magnitude: deseribed -
in, this ‘report, the:loss in an unlined canal would undoubtedly exceed
50% -of ‘the amount ‘diverted.” This would ' necessitate headworks and
supply-conduits of ‘at least 50%- greater capacity,; and tho-question of
water: supply. would: become -serious. i The' seopage -water: from earth ..
canals.would water-log large. areas of :adjacent farm. land,:: g
w4, S Breaks' ateless liable to occur 'than-in ‘an’carth “eanal system
and the damage from:any break: that'may oceur: would be less, due to
the smaller ‘amount' of pondage- botween wastoways. O
= 5. Lesscns growth of aquatic plants.” In an unlinéd system  based
on the controlling featurcs as outlined,.tho velocities would be so low
that vegetable growths would thrive, making maintenanco’expensive.

ARIZONA HIGH LINE' CANAL PROJECT
c st s TABLERGNOG S R e
.. 'CONCRETE LININGS "

2 Depth of: . : oy Average s TFreeboard . . - . Total:.
S Water- " . .0+ .. Thickness:u % . on Lining .- Freeboard
Feet : - Inches ‘ ~Ineches R Feet
5.t0°. 9 B 2
2106 140 L4 6 .2
Bt 19 e T 12 3 .
20 to 24 s B P i S 127 4
25- to 29 IR R A ) 18 5
o

80 to 35 . g 18

. . POWER PLANTS

" Parker-Gila Valley Project : = : . - R B ce
' There. are three.power sites on:this;project.. ~At the diversion dam,
‘gbout five miles rorth of Parker, there will be.a drop of 90 feet for the.
Cwater passing the dam. It is assumed that the, Colorado-Riyer will be
‘regulated. by a. dam ‘somewhere above: the Parker diversion. dam, which
.will Teduce the mean maximum flow in the river below the Parker. di-:
.“version. dam to" 10,000 second-feet, - 'With this amount passing through
#.the power plant; 82,000 horse power can:heé developed. * Lesser amounts.
of power can be developed-at the Reservation and Cibola sites, 'where

water is released from the main eanal to supply the low lying -areas

along the river. .- s ceiE L e S

At all three power plants, the period when the maximum amount of

. water is available for powdr is eoincident with the peak. demand for
power at the two pumping plants,”and sinee cnough power eannot be de- -
veloped in this projeet to mect this demand, the installed capacity in all
three ‘power plants has been assumed large enough-to ‘handle: the max-
imum flow. " Sce Table No. 5. o ‘ : B e
High Line Canal Project ‘ SETTE RN e

%Mo drops oceur on the canal system where power can:be: developed.
One ' is’ at ‘the -Gila River crossing, and -the other is:on ‘the Palomas
‘Latoral, where it enters Notthuseh Valley. . wiw i onomas oo

“.In estimating the value of these:plantsias revenue  producers; : the
installed capacitics have been assumed which correspond - to the flow: of
water available for 50% of the time. By taking ‘a liberal view of the
-possibilities- of the project, it has been . assumed  that -thetotal output




AN

" the point of production. 'Table No. 24 gives a summary of the prinei-

- ing plant, where.the 1ift is:200.feet and the: capacity.is 5400 sécond-feet, ..~
_At’'this plant the power. required at-the pumps-is 1160,000 horse power. "

116,000 horse power: motor dircet-conneeted to a centrifugal pump having:
| a capacity of 540 cubic feet per sceond.’ See Table No. 6, <« o

" ‘ganizations,‘dealing . with ‘large works.:

CEN

Ly oo .. UNIT COSTS. . , .
~Kind of s Worke ooy T Lo Unidtoy o Unit Cost ">
Tunnel Excavation -, R Cu. Y. " $5.00-$5.50
Tunnel Shafts: .. - - : _ O LAn P o4 0H11120.000
“Conerete:Lining. « oy it v i a0 Cue Yde vy 03010.0000
Reinforced :Concerete: in+Pipes .. G S8 8 e 28,000
Reinforced Concrete” Transitions: ' A AR e < 116,00, 7
‘Reinforced: Conerete -Siphon’ Piers ..is o 14400

CoPlaint Conerete oo sl Sentei gt g o860 68 £:.10.00;
~Canal Excavation, Rock i 17 iy by o okl 14000
- Canal Bxeavation, Barth v ivwt v o v 089085 e 0050

- can-also be carried over this line.

of % of a cent per K. W, H. at the pumping plant,

‘eost, "due to improved ‘methods and specially ‘designed machinery.” *Ma-

LI  ““'REPORT OF "ARIZONA "

of these plants’can be sold at a price of one half cent i)ef‘ K. W. H. at

pal features' of ‘these two plants.” -~ ! ; ,
L.t <. .. PUMPING PLANTS.. . .

++Pumping is ‘confined to: the: Parker-Gila :Valley: Project; for which’
two plants are provided.:: The' Parker:Mesa plant, which is to 1ift 60 -
second-feet under iaihead’of 165 feet; requires 1460 horse power. This
plant, however,-is- small in comparison with :the Lighthouse Rock pump-:

Each' of the ten units assumed.for this installation would econsist:of.a"

ooy o TRANSMISSION LINE . .

A transmission line" 87 miles:long will:be required on’the Parker-
Gila Valley Project to transmitipower from the Parker power plant, at ..
tho diversion dam,-to the Lighthouse Rock pumping plant.. " The power.
which’must be purchased to make up’ the’difference between the amount
required by the.pumping ‘plants and the ‘amount that ¢an be gentrated,

, PURCHASE OF POWER EE
The amount of energy which must be purchased totals 458,600,000 -
K. 'W. H. per annum. The peak demand would come in the summer, :
and the minimum demand would oceur during the months of December
and January. ‘ n - : v
It has been assumed that this

power ean be purchased 'at a price

, : . _UNIT COSTS ERR RN
- In‘determining the init eosts for these projects, data were obtained
from construction’ contractors and-engineers as well-as from recent cost :
records of ‘actual work performed by the government and by pivate -or-.. ::

~In‘works of tho' magnitude of theso prdjecfs, it is ‘reasonable to as- -
sume ' that records’ for eonstruction would”be.lowered’ as to ‘speed and

terials'could be purchased at the lowest market prices oni account of the

enornious 'quantities’ involved.

"Tab‘le‘ No. 4 gives the )princifpal unit costyskuséd. ‘
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(1)

x ) ; PROPERTIES
N ! Ava.thickness of S: 000757
© Concrete: Lining Fe 4 per Mi
v ¢ ds 28
R 18 inches ) re10.4"
R M Minimum_ thickness &} veizs’
& g 2 Inches ..~ % A 852 Sqft
: . 2 . ‘ Q11,000 Bec. Ft.
6000 & $ p— Exc. per Mi.+ 210,000 CuYds,
3 & 3 S Cone.Lining per Mi»34,600 Cu¥ds,
 s500 cé. __‘_5 -E S
2 § T3 2 ]
G 3 BH qm 5 |
s000 5 k3 é i L4
= JIVBRE T ‘
2 N
aseo ELY H 5 g2 8
TN HRINIE B E
E' 8 2 W & $
" Y Y
Je U Vi & § 2 5
L W0 3 55 3
e 13 s
$ @ o|3y | .5
2 , )
2 ﬁGOOO - . | \(8 §‘ l
gL 2 sl © gl | 3. & l
%5 tle . 2le | @ EfE B P~ Sl
(300 g 5o tlg o™ oy (]
K3 £ 2 o -2 =3 1S ® \'% =3 2
W [ bl B3 2 % S 3|3 o &)
i N bl sl
2000 | [4Mi. ] oM. —
£1.1880~ g i. Ml
Top&20 FH[- £1.1838 :
: oo AT 1oPE™4 FEparmi,
' wﬁ,ali 1260 g ’ ‘
1000 5 6 - 20 s B0 a5 40 .. 45 B0 _ 85 60 65
Miles PROFILE OF DIAMOND CREEK=- BIG SANDY RIVER

- Figure 9
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Nanie

Head
It

Oapacﬁ;y
H P

CQost

Parker.
“Reservation: -

Shgpui
80"

82 000
5,700

$2,870,000

513,000
+221,000

- Cibola®

150

1 700

- $3,604000

‘Name:-

Llft 8

Ft.

Capamty
See,” I't.

Cost.

" Parker Mesa s

SRRt

.$,185,000
4 580, 1000

‘. Lighthouse . Roek..
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F’ARKER GILA VALLEY PROJECT

TyPE A
Maximum Tunnel Section
Averege Thickness Lining« 8°
. Minimum Thickness 12"

TY .B'.v,»,
Maximum Canal,; Sechon in’ Rock

Average Thuckness Lmnng 6 }. 16"
§ 2" R R T

) ; TYPE C '
; Maxumum Canal’ Section in_Other Materlal than Rock
Average Thickness leng z6"

= S, .. PROPERTIES

e ] TYPE : )
N . L LA B .l -C
el | Bottom width in feef — -6Q 58
‘ Depth -in feet - 28 23 20
Hyd. Rad. in feet 10,1 - 13.8 12.6
. - | Wvater Section_ in_sq.ft. a2z 1573 1560
i ) . || Wetted Perimeter - in feet 8.4 114 115
| ’ Value-of *n" . 014 014 014
] e . ) Slope 00019 1.:00005 .00005% M
i ; ‘L Fallin feet per mile . s .264 264 g
Velocity in feet per second . - 6.55 4.36 4732 S
Discharge in sec.feet 5380 6860 6740 . .
Excevation in cu.yds per mile 198,000 [ 182550 165,000
Concrete Lining.in cu.yds. per mile B34 500 41,360 11,340 .
. o s :
p ) ‘Figure 10
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U ARIZONA Hnen LiNe- ‘CANAL PROJECT
AR MAIN suppn_v BELOW WILLIAMS RIVER Rssanvom/
TYPE A
Twin-Bores Required
’ Average Thickness Lining = 18"

» Mm 'Thicknesss 12°
: Maxlmum Tunnel 5echon

‘ TYPF_ 8 R
MaX|mum ‘Canal Sec‘hon ‘in Rock
g 1"‘ Average Thickness, meg 8

16"

S Tvp ch e
Maxlmum c.':mal Section in ‘Other Mufernal ’(hsn Rock
: it Averege Th:ckness Unlng x B"

: g - |o'
S o el
Lround I Line Ts

-~
PROPERTIES'
TyPE - =
o 8 : . : A (Each Bore) B i G
Bottom wvidth_ in: feet -~ R a1 60
Depth in feet - 30 <34 . 29.2
Hyd. Red.. in feet * g S R L2 A 19.7 : 19.6
Water Section in“sa &, ° 93z 13200 ) .3I89
Wetted Perimeter in feet 87 162 163
1 Value of "n* ' P 014 014 014
Slope = 00038 1 00005 00005 :
Fall'in feet per mile - : 2 2647 | 264
Velocity in feet per second: 240 546 | 543
Discharge —in_ sec. fuet: i 8760 17500 - | » 17300
io{ Excavation in cu.yds per mile 224,000 |- 315000 316,000
i Cancrefe me_g in eu, _yds per mile|. < 35500 21,700 21,800 -

‘ ‘ Flgure SIS e
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B

YNOZIOY 10" Todma ¢

TABLE NO 7
: j:EUNNELs :
;Ez‘icﬁ;ation' Conerete meg Capaelty "l"otal, <
o Name g Cu.Yds. Y Cu Yds.vk Sec Ft. Cost ..~
Parker . an 240,000 41,500 $ 1,615,000
Lighthouse Roek 1 3,170,000 © 552,000 21,370,000
Muggins > S0 ©7900,000 - 165,000 6,150,000
“Wellfon No. 1 1 © 121,000 23,200 837,000
Wellton No. 2 1 113,000 22,000 785,000
- Mohawk 1 - 328,000 70,000 2,340,000
- Gila Mt. 1 27,000 - 7,000 ] © 205,000,
-~ TOTAL COST TUN: £ e Tl $33,302,000
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‘TABLE:NO. 8
: T STEEL SIPHONS ELE
Length: Dia. i’ii)es "No.  Capacity, Rt ,
- Name Miles s, . Pipes: See. Ft. - ».Cost -
Oshorne Wash 027 19, 2 6600 % 253,000
: Glla Rlver 5.0- 13 4 3600 8,739,000
. TOTAL GOST ~ $8,992,000.

] TABLE N0¢9‘ L
MISC SHORT CONGRETE SIPHONS

Canal Capauty

No. Siphoﬁs Cost Ea’cl“l‘ :

" Total Cost.

- See. 't
6000 vto 7000 -5 ~13 $102,000 + - $1 32a 000
15000 to 6000 " 32 94,000 ., 8,010, 000
73000 ;to 4000 - " 0 - g Lot ‘

72000 to 3000 42 --+63,000 -2, 64.) 000

11000 to.-2000. 21 148,000 1 010,000
Less than 1000 85 - 20,000 1,700,000‘

‘ $9,690,000

: PARKER GILA VALLEY PROJECT
: . TABLE. NO. 10 ‘ .

N . WASTEWAYS -

b e S  Capacity .0

. Name do 0 Bee Ft o Cost ...
astle Dome Landuw RN i 5400 $ 83,000
Norton (S ;1000 35,000

$i Wellton Lo L2800 o ,V,!,,GO,OOO
'Mphz}‘\zyk S 15000 ~ 44,000

‘Miscellaneous . o e 1005000

 TOTAL COST

- $322,000
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TABLE NO 11
RAILROAD CROSSINGS

: i L AR Capacxty
S Name -y TR ~8ec. Tt..

“Cost

Sorta Fe e ey 6500
S Pl Sl e g

" $:45,000

181000

PARKER GILA" VALLEY' PROJECT
TABLE NO 12, :

DIVISION WORKS‘ -

VY § 53,000

o~ Name - = 2 See, Ft.

: Capacity: - -/’

 Cost

M ggins SrEel S 4900

" $/95,000

| 81,000

C.a Mountain o v - L ‘ 3600

., 'TABLE NO. 13-

- MISC. CROSS DRAINAGE FLUMES

1 $176,000

'~ Canal Capacity A R A
S See. It S """ No, Siphons - Cost Hach

. Totai Cost

6000.:to 7000 - UE 147 $14,000
© 5000 'to 6000 31 13,000
000 to 4000 = - S L 10,000

2000- to 8000 v 49 T 8700 1

41000 to " 2000 21 7,000

~$.196,000
403,000

10,000
365,000
147,000
323,000

Liess than 1000~ v 0 0 g5 3,800
mme‘ ik _ ‘

. $1,444,000




’ PARKER GILA VALLEY PROJEGT
. ~ TABLE NO. 14 .~
- MAIN CANAL SYSTEM
: T N L SRR North Glla 1 Sotith- Gila | Yuma ﬁésa/ R
z g Unit, = B Mam R ?n,al 1= Braneh 7" Braneh Branch Totals
‘Rock Length | ites T4l T g 3 o7
Excavation - | Cu. Yd. 617,740 423460 | 1,116,360 | - _91.660° 2,240,220
See. ST st $ 617,740 | $ 423,460 | $1,116360 | $ 91660 | & 2,249,220
Earth Length “Miles | 105 62 © 160 S 36 | - 363
S Excavation . | Cu. Yd. . 15,451,670 | 2,427,670 8,308470 |- 807,200 | 27,085,010
Sec. S et o | 82 317, 750 | § 364150 | $1,259,770 | $ 121,080 | 4062 750
Conerete Quantlty <7 cuFYa 1,027, 766 | . 209,988 640,026 62,565 1,940,345};
Lining T Qost| o - $10,277,660 - 82, 099,880 | - $6,400,260 |~ $ 625,650 ©| $19,403,450
: ‘Total Costs. - ;3;2,887,490 , jé$8,777(75,390\' % $25,715,420

e

NOTISSTINNOD V"QNIHE‘E’INI:O‘NET.

€9



T\JISOELLANEOUS STRUCTURES

- Cost of{pumpif}g per, ac&o served $5 82 per annum
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PARKER-GILA VALLEY 'PROJECT
TABLE NoO. 15 |

1

QSUMMARY or cos'rs

S

‘[‘.

. PARI&ER DAM (Inc Hcadworks) $ 4700 000 $° 4,700,000 -
" .. POWER PLANTS" : .

Colorado® River -+ L 2 870 000

Reservation | ’;": ST e alé 000 ‘

Cibola * % = CRE e 291 000 3,604,000
,‘TRANSMISSION LIND 87, Mi. @ $20,000 " 1,740, 000 L 1,740,000
PUMPING PLANTS ' ‘ : i

Parker Mesa ..~/ ‘ ] 5000 IR

Lmhthousc Roek = 4080 000 4,715,000
TUNNELS: | . 0 0L ‘ ‘

Lighthouse RoeL S SR 21 370 000

Muggins =+ o gy 1000 :

Mlsccllaneous i 2 e B, 782 000 33,302,000
bTPHONS f

Osborne . ‘]

Gila R1ver §

Mise.: (Shoxt S1phons) 18,682,000

Wasteways @ o' [ v 322,000

~ R. R. Crossings . I ©53,00 :
Division: Works o . PR 176,000 IR
Cross: Dxamage l‘lumes o 1,444,000 11,995,000
 MAIN CANAL SYSTEM i b
Excavation ;.00 . S « 6,312,000,
Lmlnw . IR 19,403,000 25,715,000
. } Loy
LATERAL SYSTEM 764 OOO acles @ $10 : 11,460,000 11,460,000 -
CONTINGDNQIES 15 % S0 15,887,000 T 15,887,000
'l‘O’l‘AL' CONSTRUCTION cos'_v S S 121,800,000
Less propmtlon of Dam charweable to Cali-" o ! T
fornia o e 2,000,000
¢ Less | charge of $100 pcr acre ag’unst (ST “
© 124,000 acles in P:ukcr and: ~Cibola © .. +% RN
Valleys § FRR 12,400,000 . . 14,400,000
COST or 640 000 AORES AT $168 oo r [ $107,400,000

GOST 0]5‘ OPERATION-——POWER AND PUMPING- PLANTS

‘Salaries o . Checnl D 0801 46,000

\l.untcnqnce and Deprecmtlon ‘ ’ [ 235 000
Purchase of Power ' v o 3'440 000

i

$3 721, OOO pcr annum

| TOTAL,
g2




Xds. Cone. ~ 7 .+ Total

©“Cu. Yds.  Cu , al |
: ;Lh}ing Capaeity . = Cost"

2 Fxeavation 7

Lo ~  Length
‘Name 7 e - Miles

Diamond Creck-Big Sandy 920,424,000 3,183,000 - "15,000 $146 502,000°

Wiliiams River-Bouse Valley : .9, 856 000 17,500 - -.70,568, 000
- Harquahala I 448 000 16,200 2 900,000
s Matieopa 324000 o,ooo o 2,206,000°
_ Bla¢k Gap 312,000 12,000 2,166,000
' Crater 171,000 - 700 e 1,257, 000
, Growler " 85,000 21,250 3000 637,000
Eagle Tail 198,000 . 34500 3,700 1,335,0007
White Tank-’ 720,000 ; 140 400 2,000 5, 004 000
Bighorn - E L 100,000 -~ 24 6‘00, - 1,500° 746,000,
TOTAL . E -z ‘ ) e

T eesd 371,000

Noxssmwoo ‘ ﬁomma‘m{mﬂ ,




66 : RLPORT OF ‘ARIZONA- '

ARIZONA HIGH LINE CANAL PROJECT'

‘TABLE NO, 17
'STEEL SIPHONS

Dia.’

125,000

Length Plpes No.j “Capacity Total
- Name Miles Ft. . Pipes .. Sec. Tt Cost
Woolsey Peak - S130 0 18 3 8,900 $2,414,000
. Gila River 3.0 514 207 8,200 1,220.000
-~ Hassayampa 0. 140 1 650 ;102,000
: TOTAL S $3,736,000
ARIZONA HIGH LINE CANAL I’ROJECT-
TABLE NO. 18’ S
1V.[ISC SHORT CONCRETE SIPHONS
sanal Capacity 00w o0 o e v, ”'?3}. P e
. See. It. - - .No: Siphons Cost ‘Each e Total Costriis
Above . 16,0000 . 190 0 $160,000 0 - $3,040,000
©:8,000 to 10,000 , 16 ; 120,000 ' 1,920,000
4,000 to- 6,000 - - 42 Lol 89,60070 73,760,000
/8,000 to  4,0000 - 44 75,000 3,300,000
2,000 to 3,000 3 | Lo 63,000 1,950,000
1,000 to 2,000 T 69 149,000, 3,380,000
Below 1,000 272 * 710,000 2,720,000
TOTAL o j <L $20,070,000 ¢
ARIZONA HIGH LINE CANAL PROJECT :
TABLE NO. 19
WASTEWAYS i
Capaclty :
v Namo - SBec. Ft. Cost
" Cunningham' Wash’ 17,500 $ 295,000
Centennial ‘Wash 79,500 220,000 -
Woolsey Peak * 9,000 215,000 -
8. P. Crossing 3,000 125,000 -
Deadman Gap ' , Co 2,600 112,000
GilaBend - . i 5,000 ©.. 160,000
Sentinel R . Co < 4,000 ;142,000
Eagle - Tank :, - O Ry 3,000
- Mohawk: R o S 2,000k -~100,000
[ Nottbuseh = | ., ST 2,500 112,000
o Lome Mt. oot 2,000 100,000
" Hassayampa L R SO . 1,500 88,000
- Miscellaneous " 250,000

4

$2,044,000 "




ENGINEERING! COMMISSION

ARIZONA HIGH LINE CANAL PROJEGT
: n TABLE NO. 20 ;
" RATLROAD CROSSINGS -

Nanie

Capacity
Sec. Fi..

Cost

Santa e
P,
P.
P.

P.
P.
P

ROREEROY

LG &

17,000

3,000

5,200

e TR 5,000
4,800
S a0
R N “4,500

~$ 80,000
25,000

© 42,000
40,000
38,000
36,000
36,000
© 21,000

G.B. 9500
TOTAL . - ‘

, TABLE No.zt
DIVISION WORKS R

" $318,000

Name

'Caj_)aeity, ‘ : L
;Sec.il*‘t. HE Cost.

" Remarks

Lene Mt. - 16, 500 T U $400,000 . e way strueture - -,

Nottbuseh . 15,000 100,000

Vioolsey

Peak | 8900 200,000 Lo v

TOTAL "$700 000"

' ARIZONA HIGH LINE CANAL PROJECT
. TABLE NO. 22
| CROSS DRAINAGE FLUMES

Capaeity SN " Number . - Cost Peor '
‘Canal " . . Struetures. :  Structure.

Total
" Cost

“See.

2 Above

;8,000 to
4,000 to
© 3,000 to

18,000 to

1,000 to:
Below

Tt d i s R v
16,000 & oot 200 0 m$22,0000
10000; R 1150 ¢ 5. 16,000
6,000 & e 42 : 12,000-
4000; : 44 10,000 -
3000 : : N3 | 9,000.
.2, 000 | e 69 7, 1000

$ 440,000
240,000

" 504,000
440,000

279,000

483,000
1,090,000

1000 oooere 4000

TOTAL

$3,476,000 -
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e 4ARIZONA HIGH LINE cANAL PROJI:‘.CT .
f TABLE NO 23 ’
MAIN CANAL SYSTEM :
- s : Palomas Hassayampa - rGilIéSpie' 3
o ‘ 7 . Unit “Main Canal ’ Branch Brameh | Canal Totals
Rock Length Miles = 58 9 T 14 24 | . 105
Exeavation Cu. Y& 16,266,300 5723,100 |- - 401,530 | 2,609,020 1| . 710,089,950
Sec. o Qost e oS - 7%$-6,266,300 | $-723,100 - | $ 401, ,530° |- $ 2,699,020 ¢ §10,Q89,950
" Earth - Length’ = | Miles : 308 | 144 | 120 g b ss2
R " Excavation . | Cu..Yd: '~ . 22,681,330 5,437,870 | 3344130 | . 15286,000 | 46,749,330
See.- S CQostt | osEow $ 3,402,200 | $- 815,680 | $ 501620 | 2292 900 ; $.7,012,400.
‘Conerete . - | Quantity | Cu. Yd.. e 949*" 423,399 | 242373 1,426,296 | 4,005,010
Lining - - "Cost i 3,19 129, 420 | $4,233,990 |- 42,423,730 | $14,262,960 - |- $40,050,100
.‘;;T(;tal) Costs . 428,797,920 | $5,772,770 | 43,326,880 $19,254,880 | $57,152,450

VNOZIUV *JI0: LHOJHY. ¢




ENGINEERING COMMISSION 69

ARIZONA HIGH LINE GANAL PROJECT
TABLE NO 24:

: POWER PLANTS

“Name of Plant . =~ : 2 Gila River Nottbuseh
Head :in Feet ) : : SR 157 B 21150
. Tlow “available 50% of time - et 74,3208, F 1,860 8. F\.
Installed. Capacity .~ " : 92,800 H. P. . 23,800 H. P, )
Cost per Installed II P = $. 43.00 g 58 00 -~
"TOTAL coST : % 3,990,000 . . . $1 380'000 L
- Max. Output per Annum K. W. H. 458,000,000 : 118, 000 000
. Revenuo:@ $0.005 por K. W. H. . ' $ 2,290,000 °$ 090 000.
.Operation - and Mamtulance @ e w
$0.001-per K. W, H. : $ 458,000 - $ 118,000
Interest and Doprecmtmn @ 9% $:..859,000 "~ $ 124,000
 Net Profits- $ 1,473,000 $ 348,000

Value of Plant—Net Proflts Capltal . : :
zed. @ 6% ; S $24,550,000 $ 5,800,000
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ARIZONA HIGH LINE CANAL PROJECT iy

TABLE NO. 25

- ‘EECAPITULATION OoF’ COSTS
& : : Capac1ty
From To

Cﬁ;nal or Structure - Length

oL

. . Miles : Sec., Bt
" MAIN SUPPLY CONDUIT | A
: Colorade River Dam (90% eost)
~ Diamond- Creek = . IR NE O -
., ‘Big .Sandy- River Tunnel L Lo ,92.0

| 00
MAI\T HIGH LINE CANAL' I

o Williams River Dam : R i R B : o Lo e
“ Williams River-Bouse Tunmel = 07207 Siheg0 T 17,5000 o 17,500
.i Harquahala Tunnel ~ T el e 01000 7 16,2000 5 16,200 - o
“"*"Woolsey Peak Siphon- T LT 1.3 70 028,900 0 8, 900 EER
~Gila River Siphon. 7. . i o T e 128,000 13,200 ,3‘,200 PO
_4M1scellaneous Tunnels: =7 v RN L1 3,000 27 £°300
. “'Miscellaneous ShortSiphons -~ i see T S 17,5000 21190
- ... Miseellaneous - Wasteways - - T A EPE R S 17,500 .0 - 1,000
.7 Miscellaneous “R. R..Crossings " - I R ©.°17,000. 72,500

> Miscellaneons - Division - Works SRR AT e
Miscellaneous Cross . Dramage Flumes e STl -

2+ Canal Construetlon i
: wLate'al System vy

’ 2 £ 5

PALOMAS BR&\TCH : RN LT
%+ Miscellanéous: Tunnels L <0 3,700 2,000
‘Miscellaneous Short Siphons - 42,500 £10190
““Miscellaneous. Wasteways e o

. Miseellanecus - Division: Works- . [ 1.
~:Miscellaneous. Cross Dramage Flumes SR
. Qanal Coustruetion BT

-~ Lateral, System* ..

“'Sec. Ft.

“'$ 22,000,000

11,000

yisho 190

- $6,330,000

2500 190

: Cost” - Total Cost

© § 30,000,000

146,502,000

70,568,000 .
2,950,000
12,414,000

1,820,000 - wo o

6,266,000
10,035,000 o
11020000

'126,000 " -

950,500
71,738,000 -
" 28,797,900 -
112,375,000

°2,408,000
127,000
108,500
C417,000
5,772,780
4,500,000

'$176,502,000

IO LAOIEL

VNOZIAY.

. $159,851,400 -

$ 19,672,280 - -




' Miseellaneous” “Tunnels: .

. ‘Hassayampa Rlver Siphon
“Miscellaneous; Short: Slphons
“Miseellaneous Wasteways s
“Misecellaneous -Division’ ' Works:

‘Miseellaneous’ CToss. Drainage Flumes 3

“Canal’ VConstructlo
'Latera System

GILLESPIE BRA\CH :
f\hscellaneous Short’ Slphons ‘
" Gila: River Dam’ i
s Wllscellaneous Wasteways :
Mlscellaneous ‘R.R. Crossmgs
Miscellaneous D1V1310n Works -

= +Canal Constructlon
i Lateral Svstem ;

- 'A_kG-r‘alid‘ Total

't:l.‘ll‘
9

310,214,050

U $38,627,720

" $404,867,450
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ARIZONA HIGH LINE CANAL PROJECT
. TABLE NO 26 "

' : SUMMARY'O:E‘"COSTS L L
'DAMS ' : e Cost Total Cost

Colorado I»1ve1 (oO% cost) . - $ 30,000,000
Williamg River. ~ . - = s a0 22,000,000 0 )
RE Sl e $ 52,000,000
) 'LUNNDLS i . 5 L S e
‘ ‘Diamond  Creck-Big: Sandy : : S0 $146,502,000
Williams River-Bouse Vallcy : . :70,5668,000
Harquahala - .. 2,950,000
Miscellancous: ) 3 13,351,000 T g
g o o C— $233,371,000 -
_$IPHONS =~ - SR R I
~Woolsey ‘Peak - - . v 2,414,000 -
- Gila River : : B 21,220,000
. Hassayampa, - : ; ‘ 102, 0‘00\ . :
MISC (Shmt Slphons) : L0 070 000 AR SN
L ' ——— L $ 23,806,000
. MISCDLLANEOUS STRUC’I‘URES ‘ ‘ R ‘
. Wasteways i L $ - 2,044,000
‘R. R. Crossings . - R . 318,000
"Division. Works R ‘ -~ 700,000 .
. Oross- Drainage Flumes o 3,476,000 i

dl o MAIN.CANAL SYSTEM , ;

Excavation and Conerete Lining | $ 57, 1.)2 000
Glllespw Dam (Rwht of Way) Lo 2000 000 , R
Sl L $ 59,152,000
" LATERAL SYSTEM Ho - St i
2000 000 aeres @ $lo 00 30,000,000 -
2 PR SRR TOTAL COST : ‘ ’ ‘ ; Lt $404,867,000
: St Contingencies ' 15% _— : 60,730,000
Additional Contingoncies - N P AL
(Diamond Creek- Blg Sandy Tuuucl 10%), . } © 14,600,000
‘ o ce -$480,197,000
(Cross: Cost per acre $233.00) o .
~ CREDIT FOR POWER: ASSETS: AN EREE R
Gila River site - . S $ 24,550,000
‘Nottbusch site” = . -'" ' .. 5,800,000 - e e
- R RN ’ e /7§ 30,350,000
Net cost per acre $225,00,' i v T $440,847,0000

v




